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Various kinds of waste water from plants, stockfarm, domestic origins and
others contain such as dimethyl sulfoxide, aliphatic alcohol and aromatic alcohol as
well as organic nitrogen compounds, organic suspended solids, etc., which might
pollute environments.

With regard to industrial waste water among others, exhaustion of such
organic compounds should be decreased to a level of tolerance limit. Especially,
organic nitrogen compounds cause eutrophication when they are released in water,
while they themselves behave as harmful substances in the air and further take part in
photochemical reaction to cause a phenomenon of secondary combined pollution.
These organic nitrogen compounds arise, for example, from protein used as a starting
material of feed production for domestic animal, poultry, fish, etc. and in food
production, and are also derived from product leakage during production processes of

chemicals and pharmaceuticals, or from byproducts or starting materials thereof.



subjected to a pretreatnent such as filtration and

coagul ation-sedi nentation to renove the suspended solids followed by

bi ol ogi cal or physiochem cal treatment thereof. It is costly to instal
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Diamond is expected as a useful electrode material for waste water treatment
by electrolytic decomposition because of its high chemical stability and electric
conductivity caused by boron or nitrogen doping.

Fujishima, et al. reported that a boron-doped diamond electrode has a quite .
wide potential window and behaves stably even in an aqueous solution of high
corrosive properties (see, Electrochemistry, vol. 67(1999), 389).

Further, Fujushima et al. also reported that NOx is effectively reduced to
ammonium by the diamond electrode (see, Journal of Electroanalytical Chemistry, vol.
396 (1995), 233).

Japanese Patent No. 7-299,467 discloses that organic compounds can be
oxidatively decomposed by means of a boron-doped diamond electrode, while Japanese
Patent No. 7-241,549 discloses that organic suspended solids can be removed by

filtration when such solids-containing water is treated.



liquid flow linear velocity, and retained in an electrolytic reaction tank
as gas contents, which interferes contact between waste water and a

di anond el ectrode so that the current efficiency is reduced while the
current density is locally increased to an extent. As a result(gaEd gpnd
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reduced ammopia is the
applied to arb1trary solutions which contain solutes easily oxidized by electrolytic
decomposition. It has thus been common knowledge in conventional electrolytic
oxidation treatments that suspended solids are removed in advance followed by a
treatment of solutes. As a matter of course, there is no disclosure nor suggestion in
Japanese Patent No. 7-299,467 about direct application of an electrolytic treatment
using diamond electrodes to waste water which contains organic suspended solids
without pre-treating such solid in the water by a pre-treatment. According to
Japanese Patent No. 7-299,467, however, it is an unexpected way of thinking and is
quite uneasy to those who skilled in the art to directly apply a treatment by electrolytic
decomposition using diamond electrodes to organic suspended solids-containing waste

water. That is to say, it has been conventionally unusual to apply such the direct

application of the treatment by electrolytic decomposition using diamond electrodes to



oxidized to a nitrate ion on the anode and finally exhausted as a nitrogen
gas. As the treatnent effectiveness is | ow because of repeated oxidation
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invention is to provide a method for treating waste water in which organic nitrogen
compounds in waste water from plants, etc. are treated by electrolytic decomposition
using diamond electrodes to remove as harmless inorganic compounds such as carbon

dioxide, nitrogen gas and water at high efficiency.

DETAILED DESCRIPTION

In the first method for treating organic compounds containing-waste water
claimed in claim 1 of this invention, there is provided a method for electrochemically
detoxifying organic compounds contained in waste water using diamond electrodes at
least as an anode, in which current density is 0.5 to 10 A/cm? and liquid flow linear
velocity is 200 to 10,000 m/hr.

In the second method for treating organic compounds containing-waste water
claimed in claim 2 of this invention, there is provided a method for electrochemically

detoxifying organic compounds contained in waste water, in which diamond electrodes



anode and a cat hode to undergo change of electrodes. In the fourth nethod
for treating organi c conpounds containing-waste water clained in claim5
of this invention, there is provided a nmethod for electrochenm cally
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second step treatnment by electrolytic deconposition is conducted using the
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said clains so as to satisfy the following fornula 71: Forrmula 1:
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there is pl’e(% (fl (Saumed in claim 5 or 6 in which chloride ions are added to waste water after a
first step treatment thereof by electrolytic decomposition when a second step treatment
by electrolytic composition is conducted.

In a treating method claimed in claim 8 of this invention, there is provided a
method claimed in any one of claims 2 to 7 for treating waste water by electrolytic
decomposition using diamond electrodes, in which current density on the surface of
diamond electrodes is 0.001 to 10 A/cm? and liquid flow linear velocity is 10 to 10,000
m/hr during the treatment by electrolytic decomposition. method claimed in any one of
claims 2 to 7 for treating waste water by electrolytic decomposition using diamond
electrodes, in which current density on the surface of diamond electrodes is 0.001 to 10
A/cm? and liquid flow linear velocity is 10 to 10,000 m/hr during the treatment by
electrolytic decomposition.

In a treating method claimed in claim 9 of this invention, there is provided a
method claimed in any one of claims 2 to 8 for treating waste water by electrolytic

decomposition using diamond electrodes, in which current density on the surface of
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current deﬁ&cwﬁgng g Rov Jincer vl %ﬁﬁemwameat Yskﬁfﬁr?lﬁféﬁece@i@%%ﬁ% of 10
to 10, 000 iH ffnetHod chuiByd heydfeodf shideddi’dd roRNsGo saEfptHedsHedng &rfiulkg wast e
water claiped in claim14, there is provided a systemfor treating organic
conpounds-contai ning waste water clainmed in claim 12 or 13 in which change
of el ectrodes arBormmhdudigad] fisy hgeardieboiby Gn@b)ect00odesrrémirdebsith of a cat hode
and an anode. BRI EF DE%Iﬁ}'L%)%OEHE DRAWNGS Fig. 1 is a graph showing a
i he

rel ationship between |ihear” vel'ocity to supply waste water to an
el ectrol ytic redetd weatingrkethnd cloimedint cldendl ¢fithisfingingipnridiers ieprovadtds i n

the el ect rglyhi Gof CAREIGR: ﬁiagﬂlaogﬁve iawg,eiogif& he Lidr abaddSatdyndeseihed of

this invention. Fig. 2 1s a ) gramof” a systemtor conducting the
first tread9cogpresitomoa a methofickaimad any joap of sgi glaims 1 4o A0 6¢ Beto BMEEX thi agr am
of a syst emnéwing eppduUct:i ng the first treating nethod of this invention. 6

06 DEC 2VA Fig. 4 is, yet. anot her bl ock di m of a system for conducting
the first treathd ﬁu}?e%'ﬁl‘%ﬂ&#owt es“rivﬁ]\‘?‘élﬂ‘f G"%ﬁs 2F]i’(é)o.o ’S(%%/%Te rgn?lnﬁ@k di agr am of
a syst em f or conduct i ng(4/te? f-austh2aor eat i ng et hod of this invention. Fig.
6 1s anot d Q L}%&&n %r%%a%:& .a%}cs%gypéén?ésqéonfﬁlgglgg'\fals@gw%g? cll;ﬂﬁlgdt' ddigat ! ng

met hod of I'sinvention. _ _ ano ock diragram of a system
for conduck? nf thise ifventieth compeises rdipmendhetbcypdashts cordusht 4 ofeatmentilys. 1 to

4, nuner alefeclrolytic ddcishskibndGShGRA Sudferdb®GhidY YinkLinE£L3E WA WAl as
nunerals 4, 5 and 6 designate a waste water storage tank, a treated water

storage tAAIGHEPLUREY er receiving tank, and nunerals 6 and 11' designate
a vent zone. |NA system for treating organic compounds-containing waste water claimed in

claim 13 of this invention, there is provided a system for treating organic
compounds-containing waste water claimed in claim 12 in which a treatment by
electrolytic decomposition using diamond electrodes is conducted at current density of
0.001 to 10 A/em? and liquid flow linear velocity of 10 to 10,000 m/hr.

In a system for treating organic compounds-containing waste water claimed in
claim 14, there is provided a system for treating organic compounds-containing waste
water claimed in claim 12 or 13 in which change of electrodes are conducted using

diamond electrodes for both of a cathode and an anode.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a graph showing a relationship between linear velocity to supply
waste water to an electrolytic reaction tank and current density of diamond electrodes
in the electrolytic reaction tank according to the first treating method of this invention.
Fig. 2 is a block diagram of a system for conducting the first treating method
of this invention. .
Fig. 3 is another block diagram of a system for conducting the first treating

method of this invention.



Figs. 5to 7, nunerals 1, 11, 12 and 13 designate an electrolytic reaction
tank for the first step electrolytic deconposition, and nunerals 2, 21, 22
and 23 designate that of for the second step electrolytic deconposition,
while nunerals 3, 4 and 5 designate a storage tank, a storage {TgﬁkDE‘CoEE%
waste water to be treated and a treated water storage tank, respectively.
THE PREFERRED EMBODI MENTS There will be described in detail the first to
fourth methods for treating organic conpounds-containing waste water of
this invention agid n ihgef @hbtA¥d Bhck Fifshn T8t ROGfed] 6 &ANLAhOTIIAREE
conpounds- cont ai ni ng ste.water First of all, the first nethod for
treating o fféﬁ‘ln Hys ivsAteR ni ng waste water of this invention will
be described. O ganbes £oRPOGAGIMN 6f D& stone B 6hdAtihdEhelfbursh trbiiRns inbiGodret hod
of this inv lon are not limted to specific ones but may include any of
t hose corrp8§ﬂ’d§n\Xﬁ'?bW can be deconposed by a el ectrochenical treatnent to
i nor gani ¢ conpoukijs 6ssiahothar adkbdiagradi 604 siatea tbr\sbidricting-thet fherth teeatinhiere i s
no restrict 'e?l?d ftt A aéd to concentration of these organic conpounds,
they may b&UsEd| é‘% Wtcentration and, in sone cases, may be

concent rat ed bef Bige 7 iseyet i angthet rhdaki dlggmmi bd. sybtevefbercpnqhxoeihgr&blfeurth

concentr at 'tx%?tﬂ%me%ﬂ%ﬁo??ﬂ@ﬂkg? &Qmpounds is 0.5 to 20 g/liter froma
[

st andpoi nt rolytic e ciency of dianond electrodes ("liter" and
"mllilitef Kigd 11 predeinpaferads e, riehnd ridddesigrase ah"eleptnplyticpeaction tank,

res peft ' Vehﬂl}lera@"ﬁr §th Ql)e&‘& r%rbété@%s’t@wra% Jt&r'ééé ta{rfkeatﬂr&ge({r%lf@‘dstga@ hi s
invention is

. current ensMi ess than 0.5 Alc a
surface arE”é‘kO?nde"i‘ évefqrda@l‘gﬁz)mraﬁ Bad numegelsibpand Lk desippate ot wht 2o
el ectrol yt Figsr 2ac ) @umdranki, afi, 1@5@@15@@4@&5 ah%ﬂo@&clreacﬁof{t@nloﬁetm der to

treat a la ste water f S b | ectro

deconposi tf %ﬁ ﬁ?l ‘iﬂ%ﬁt“‘c??%‘r?o\'%a"%ﬁ“’g%f‘oa% nBF‘P ﬁ"ﬁ@% %hﬁ&e’ﬂ}ﬂd %%& sgrakc é}}é

practical Hcahesectnd diep reéatrelytineleamganitoncohjjonndsradoft Aanéd ddsgneien t 0 a

predet erm f6el A o olithse (o6 153ade WIAE & BETRARA df) @&meémafgtaage

runni ng costs.” At ¢urren en5|ty nore than C vol t age bet ween

el ect r odestapk, reppretigedged and consunmed as t hernal energy which is quite

unecononi cal and also undesirable for durability of dianond el ectrodes. It

is preferable to increase f | ow | inear ocity with an increase

in the current density, a%[ﬁ téhﬂ#ﬁg‘#‘t‘%m&@%@@%“’ %‘ at a level of 200 ni hr

or nore so that THehe wibtial dmgbéa &n @afalﬂome( fiedt) tor PR aethalle faf tréfkifg or

nore i.n thregmhgur ua ttl r ﬁn % Lange of the% ens density as

descri bed ABY % Oe{nrpd’ . afonaélearl§v&ao? ﬁerf’ 1ihr‘f% erbsl/onar?l% cProfyi ¢ reaction
i d ppete watari t of the liquid

flow [inear vel %fsrt %f b, t'ﬂ@tﬁr&%ﬂ&‘ﬁ@kclr%re%ﬁ%%"réﬁ%’c}?ﬁi}ounds -containing waste

water of this invention will be described.

Organic compounds to be treated by the first treating method of this invention
are not limited to specific ones but may include any of those compounds which can be
decomposed by a electrochemical treatment to inorganic compounds such as carbon
dioxide and water.

Further, as there is no restriction with regard to concentration of these organic
compounds, they may be used in any concentration and, in some cases, may be
concentrated before the first treating method. However, preferable concentration of
the organic compounds is 0.5 to 20 g/liter from a standpoint of electrolytic efficiency of
diamond electrodes (“liter” and “milliliter” will hereinafter be referred to as “L” and
“mL”, respectively).

Current density used in the first treating method of this invention is 0.5 to 10

Alecm?2. At current density less than 0.5 A/em?, a surface area of electrode should be

large to a certain extent and an electrolytic reaction tank of large scale is required in



is generally about 10,000 m hr because the excessively high |inear velocity
results in insufficient contact between organic conpounds in the liquid
and the dianond el ectrodes and does not pronote el ectrolytic deconposition
of organic conpounds effectively. Further, it is preferable toJldBEE Bt he
liquid flow linear velocity to satisfy the following formula 1: Fornula 1:
liquid flow linear velocity (mhr) > 400 x (current density (A cnR) -
0.5)+200 In other words, the liquid flow linear velocity is controlled to

be on the IR to $Rht G 14BE Bhodd bt FalRPGhtR" £#8mOblahfle Q6. aph eHcholytitn Fi g.
1 which shows a rel ati _OI’IS({;I p between the linear velocity and the current
density. | fAeeqRPopitign using ienchelarirades othigh crESPHeicRY AP APEEIEEISGH t he

| ower sol i do ldbdteaseahe bafagf @IRYRhdsOdonfiased Hef®BA tOY REREOhAA Jetell ERliE | ON
stays in a react%pn t ank agﬂ)?%fe%ts &he current efficiency, while the
current deff&1¥§2i"8'8F HETRESEP I AP TUBR % roblem  i.e., a thin

| ayer of di anondAel @giendddensiy paeteethaf f10f Aainzt veltsgth detvaker. eldddrades is
preferably.m£gg(ggggid flow IiQ ar elocit%hi controlled to ﬁaglsg 0the
fol | owi ng 07 mur a2 FoF T a2 T aid F oW 1 8t Fe BEP Y™t 1Y 2%° 1, 000
X (curr ent uddersiable for’dwraki)ity ofGlidperRDdedtrvdes.her words, the liquid flow

| i near velocity s I . [0)72 . :
dorted 11ne, thelapfPbile fnRaatne lods B0P YR ARF SHnfhF Bulasl BE
the above Heenguresmédenstyaridissmpprtbet toceaer tihat 4 layel of 2000wht pneare sa/dabei ty

and the Cugf£ftal @8ABidMriod @B sdh&dl rAb 9N & RN HSe£ AR Eifainby Wast e
8 0 6 DEC 2005 water can be el ectrochem cally oxidized and deconposed w th

qui te hi ghWahf & sage obthesigientdensity pe desoribed abevgamd dhater sasgopient forae
i nvent i on. b BleWaslytic watitdn is SffédtRalkyadmbyedok gl Kok skt flowleconposi tion usi ng

di d elect t .l : , I . t. of hyd I
adi cal 5. for o ERPGAE B the TR s el DS R aee TR
deconposi t iscgenerfallgrabauti 10,e00npdurridtsaust-gheratdessivadf highdiimeay lveloeithi ceahlts

i ncr eased %uﬁicféhf@ﬂtﬁg@!b@ﬁ&e%ﬂd&g £ Ceo oﬁﬂ&’sm& afit! }I?ﬁﬁ”&ﬁf Efﬂ? WihRoR her

el ectrode materials and is especially enhanced under an al kaline

condi ti on, eledrades ampadrenannt piomops eleiigplstic ARresmappsitivnc efh PreanicoPmRHPS ned by
adj usting gHcafelppaste water. The thus increased fornmation of hydroxyl

radi cal raises ffect of oxidative _deconposition of organic .conpounds
in waste water, ?‘t‘?’i ‘ltés?’iﬁf‘?%é? t9 profrol hegiaudq Hay dingpy Kﬁ?ql’s' tispiisty the

el ectr ol ytfollovdiag dsrpndd 11 on t her eof using di anond el ectrodes. Di anond

el ectrodes used I;O%rnu al ]scl‘lt rgicf?enfé.ceal I ¥1 t.&eg%%gg} %b%sxtﬁuyvaﬁte enls“lirc]d rcnwg above
menti oned condi t'i R Thel H8E THos® AT eH iFted i BPECt P earty
conducti ve 0.5) + 200

' In other words, the liquid flow linear velocity is controlled to be on the lower

solid line or in its upper area of the graph drawn in Fig. 1 which shows a relationship

between the linear velocity and the current density.

If the liquid flow linear velocity resides in an area below the lower solid line, a
large amount of gas formed by electrolytic reaction stays in a reaction tank and affects
the current efficiency, while the current density is increased locally to cause a problem,
i.e., a thin layer of diamond electrode is peeled off from the substrate.

More preferably, the liquid flow linear velocity is controlled to satisfy the
following formula 2:

Formula 2: liquid flow linear velocity (m/hr) > 1,000 x (current density (A/cm?)

- 0.5) + 200

In other words, the liquid flow linear velocity is controlled to be on or above an
upper area of the dotted line, thereby more advantageous effect being obtained.

So long as the above mentioned relationship between the liquid flow linear

velocity and the current density is satisfied, organic compounds contained in waste



thin layer of dianond on the surface of an electrically conductive netal
material such as Nb, Ta, Ti, Mo, Wand Zr as a substrate, those whi ch
synt hesi zed a thin layer of dianond on the surface of wafer S % DEC o5
sem -conductive substrate such as silicon wafer, and electri cal a%/
conductive polycrystalline dianond deposition-synthesized as a plate-like
shape without using a substrate. Such an electrically conductive thin |ayer
of dianmond generally includes doped one prepared by doping a certain
armumg | of hatencHr bélieﬂé’cﬁgaﬁnh&h@l&e@ﬂdﬁzéd aﬂdo?pécg%b&@a rlvigclgggﬁerldgmtdfﬁdabyb A
sui tabl e anmouni. e 0 to ppm per carbon
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t he above nentioned substrate as an ano porous in nature, or a
porous syntiiinpe by adivatingrid of waste wplssr t ed vvlth a powder of electrically
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A suitable amount of doping is in the range of 50 to 10,000 ppm per carbon
contained in the thin layer of diamond, an excessively smaller amount thereof
exhibiting less technical significance of doping while an excessive amount saturating
the doping effect.

In general, a diamond electrode used in this invention is a plate type in shape
and may include an interstice plate or other types.

There may also be used a carbon powder or other powdery materials coated
with an electrically conductive thin layer of diamond as an electrode. When a
diamond electrode of powdery type is used, the electrode may, for example, be dispersed
in electrolyte and fluidized to form a fluidized bed which plays a roll as an anode.

Further, the above mentioned substrate as an anode may be porous in nature,
or a porous synthetic resin material supported with a powder of electrically conductive
diamond, which has an increased surface area. The electrode of increased surface

area comprises a fixed bed which acts as an anode. The diamond electrode is not



water fromplants, etc. can be treated by electrolytic deconposition quite
effectively in a small-sized systemof a decreased contact surface
effected by inproved current efficiency by the use of dianond el ectrodes
of non-corrosive properties against acid and alkali due to che®ibcBEC 2065
stability thereof under a condition of the satisfactory relationship
between the current density and the liquid flow |linear velocity as

descri bed above. As a result, it is possible to electrochemcally treat

wast e wat e&leée@wﬂlpb@%ﬂmetﬁltt%ayvuetaffn&aﬁ&lsbﬂngﬁﬁ@s of a conpact system of
conmpounds contained therein to
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section (space
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ﬁegar at ed ffeh@ﬁia&uﬁeﬁé@ﬁcdshﬂdialy dovV)WﬂﬁEhféﬁﬁ:idelof gﬂ@lcbﬂeﬁﬁrlﬂ&}drMetbfaa hig‘yiglen or
ydrogen is_co e .long .as t e nentioned rel ations t ween
the current™P ar/“&i%’ietS )foalﬁggt‘%%“r}ﬁfla?ﬁ W’E‘I‘cg\t/})’el VHEarade| B f)?nﬁ Ihg at &rg 85 and
even if oqugmwd@r hydrogen is formed, it goes up together with carbon

di oxi de, etc. i giee) IIdH% t\é%HQFr&Q?e%ﬁng‘?&éth&H“ opé‘laéﬁc o) oux?fscc%m%deiq vpa)étet he

liquid fl ow and taken out O he redction out causin resi dence
-t her eof novatgr fram| plasretefcanthe teaataddhit eleqtfqlmcedﬂgympqspmwteeq eiYedy it i ¢
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contents forrred t hrqugh the treatnent

separate er a
el ect rol ytSCIgEx gﬁﬁﬁ% P %ﬁlwwﬁ?f?%‘rs RO BBORY S BIPPIEIE AERBHESY %{%t ic
reacti on takddi phuevideatiemicak rﬁtabiﬁtyt ithéreah dmdex\/ apebnditias eofs €lat isatisfadoyor di ng

to the firs ati,ng net o 0,.be usda lurall f
el ectrol ytlfgm?ré% |b5’gw L t‘drrfﬂrltegfmsdr%'g ﬁ thc?o]r%%dgn ! @on ai réyr(fb&v\a/asste

wat er by debeiedabgvei c deconposition. An arrangement of these electrolytic

reaction tanks Ry, B! f i98biRe od QeARALLELIOLref: GALRIAL Bt fiEkCO!

although an arrangenent In serires IS convenl ent or et el treatlng
organi ¢ c&Hpauitiueass\byemneansyof|a eqmpagie exsiigsn 9f praghical scale to ecompose organic

compounds contained therein to harmless inorganic compounds such as carbon dioxide
and water without forming harmful and bad-smelling byproducts.

Further, according to the first treating method of this invention, it is also
possible to treat organic compounds-containing waste water by electrolytic
decomposition using diamond electrodes under the above mentioned condition while
separating and removing gas contents formed by electrolytic decomposition of organic
compounds.

The gas contents may be separated and removed by any manner including, for
example, by means of a general gas-liquid separator itself or an electrolytic reaction
tank provided with an upper vapor phase section (space) and a vent (vent tube, vent
opening, etc.) on a top portion thereof.

More precisely, as babbles are easily go up in water and moved into the vapor

phase, the gas contents such as carbon dioxide and nitrogen gas formed through the
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whil e a conmbi ned arrangenent is suitable for treating a | arge quantity of
waste water all at once and conpl etely deconposes organi ¢c conpounds by
el ectrolysis. For exanple, in one enbodinent, thee electrolytic reaction
tanks 1, 2 and 3 arranged in series, which are lined up in t hd&d Dblis200§ B
and C as shown in Fig. 2. Waste water in a waste water storage tank 4 is
punped to each of the first step electrolytic reaction tanks 1, 1 and 1 in
each row A, B and C and to those tanks 2, 2 and 2 as well as 3, 3 and 3,
in order, lttﬂaasmgrjt&xyltelle:ttﬂotygaummpohﬁo@ k@altrialaytuppe SRponpRst kécbidn which is
respectively .and co ed in a treafed water. tank. 5. It is iftportant in
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arranged between tfgese fl'e%aj% and second step el ectrol ?ltg'gi@ (%eactl on tanks |
; r

and 2 as sHBVHSH fer goms Sieating PEgANICCORANEHS bieplestro GRS 4 i s
i nt r oducedwhild ® céikinkd bitangdnegnt & a@Giabl! i3t teatig@alligs quaitkty bf wasteondect t he
first step treatment b et%l e etgol(%éti c_deconposi ti g)n fnd t St}en is introduced
into the vt &oRFeRR] et IkomBPPe LapHF SPRPYLS RE SIEHPN S or ned t hr ough
the first step dleecxrmble it oneeaobidiment, Wkdecdledteolyténteactiamutankeld, £raprhd he
vent sect "ﬂ'padged if R6ribd, Wich %%aiﬁi%dﬂﬂur ﬁﬁe%ﬁ&@&@tl@qné [Om E}tfbgvr{.gﬁmslrf‘g@@.t ents

is introduced 1nto the seco step electrolytic reaction- 2, subjected

to the secHtrde stadpr it eavagntwassyr stelagettank v i rumpethposheh ehthenfrst &P st or ed
In a trealdduWiiRresdhRh 38k 2MNMn®1 ik bachToR! £ B AJPORhAR thokk faliks2 ehadi ment
that the gbove ntigned requirenent. with regard to the current density
and the | LA B RO Bieedr 1§ Brdst e Fubigctey Tpaoay by g ie SPCPRESHP St and
second el aeidpedlinly &nd eAletie@tn 4 &dkizd wadsidtark 5.

It is important in this embodiment that the above mentioned requirement
with regard to the current density and the liquid flow linear velocity is satisfied in each
of electrolytic reaction tanks 1, 1 and 1.

Separation of gas contents may be conducted in combination with electrolytic
decomposition in plural electrolytic reaction tanks to treat organic
compounds-containing waste water by electrolytic decomposition.

In the above mentioned treatment, exit water from at least one of electrolytic
reaction tanks or each thereof except those tanks of final step may be subjected to
vapor-liquid separation by means of a vapor-liquid separator as described above or a
liquid receiving tank provided with an upper vapor phase section and a vent section on
a top portion thereof, and then pumped to and treated in subsequent electrolytic

reaction tanks, or subjected to vapor-liquid separation in the electrolytic reaction tanks

11



I n anot her enbodi nent, the first step electrolytic reaction tank 11 itself
is provided with an upper vapor phase section and a vent section 11' on a
top portion thereof as shown in Fig. 4. Waste water in a waste water
storage tank 4 may be introduced into the first step el ectrolﬁﬁ@ﬁce%ion
tank 11 to conduct the first step treatnment by el ectrolytic deconposition
whi | e separating and renoving gas contents fornmed thereby, followed by the
second step treatnment by electrolytic deconposition, and then stored in a

treated Wattﬁém&e_fl’ﬂrég pli‘ovia_élpw?tﬁCQPQpﬂi@t\Qﬂgr f)ﬁ’.{set e&‘%ni Py Qrvgﬁ‘ﬂ".k&tion on a top
conpounds-contai ning waste water There wl] be described the second nethod

for treati mgrmgharee! siEplasl asdesebed abevenglthenabateask P! thaseelschobtici on. A

char act eri sbctioh @a1kdlof effh thBRof SREMNHode t8Akd 6Igid§!3§t@ﬁgrei éxclufad. a di anmond
el ectrode is used at |east as an ?noden%gd pH of the

te water is
adj usted to al kafPh&xanilentyoglasterlyts fankad %l?pdzc?éﬁéé’ﬁf‘\é:%s}‘b??rﬁf’ W]E“:lFea
organi;: Comﬁ?ﬂd&iﬁﬁg b@ﬁﬁ@?&vﬁﬂzﬁ vt(rjiﬂeﬁﬁ‘ ubBerupbt ﬁ%&s@'ﬁb&{bn&inﬁid wank yeoaisnibn t he
case o the first treating sethod. H val.ue t wast e, wat e e
roated i s bt it bl Barghied b Eles s maR et BB HEEF O e
wat er i s alémtibmeankbutandredseshalahyiniftig.i3s Wabte vidter Ardwagie eatqrrsefragegthbhly 9 to
13. A hydrgxyl .radical .formn ffect is. decreased at val ye n pH 8
so that 1 ¥ BFAREELincd AR B Relrol T SERGANGR 1o AEP pledRS: LOAT
conpounds kpatesnt bP eBcGoRECI2@OH obifipn e thenvkikteodswehinththeefdtecerarangss i s
saturat ed glnipl 1d 4ep i SR Hteth £Rih rb&hd&%eﬁgy sa%da@ar&&t&awac%t, al or

to er I ng addi ti onal

al kal i ne netal wast e water, or supplyl wast’e wat er of
hi gher pH VARicidgvartied eutside frpmydeent seclprk@) i netal or al kaline earth netal

ma%/ Pe added as Bhe ggmtplms% w@roao{epasﬂaféa ﬁ'@lélg%g rfa¥ ichgtefads Qﬂﬂ%&}iﬂ;&i ent®f AtS he
netal as it, is, ar dissolved in water . to S an aqueous sol.ution. an
mor tant B FEodrsttm Sedael gt eRr S fanl Frsttied L e LomaLe FRmeR Bt mont
by el ect r oblyétralytitedroomppaditioroand theh bdvral @t trodtyd mataretahgeotank@&nk under a pH
condition as desgrj ..ab .1 he al .1 or..al kal i.ne [ . be
added to waste Sﬁ\/\é% %1?93-&)0%% g ﬁ%g}ll? g‘ﬁﬁ@‘ﬁ&% F (Lf)bn]ee?hlo e's%_g?%&egg{é@&e% &
reaction twithgegardto theanpleat densitpesd theolinyid Sow biapor eeldcks ixyadisiiebineath

reaction tém;i@ﬁr&.@aﬁ@%éc@n&‘@fe@@rol?ﬁ@fé%gﬁoﬁ Aksiifand 2 System conprises such a
facility, or an exit 1E)ortl on_of electrolytic reaction tank when ste

water is recycl it ptherypmbpdimente she it ster elegtrolylis apackipp tapk dbAGELes t he
treat ment fsviabe Gkibngn \WppéNedpod pRbbevadctibn iald LV&ktdeiont 1L oheatdp @Rtidranks i s

within a range,.of the abque i oned, condi tion or, no eye ere, the
ot ol o R S shin IR e Dot SaLE ot b v e ki SEFRSRE n
wast e wat eintrofludel eintoatieyBratrestip eladtolpiit vacties tamly 1bao tchedwartke dsstwdtert i s
used in t ht?eattln'éﬁtg b§ 'é?e%frlof}gic decomposition while separating and removing gas contents
formed thereby, followed by the second step treatment by electrolytic decomposition,
and then stored in a treated water tank 5.

The second method for treating organic compounds-containing waste water

There will be described the second method for treating organic
compounds-containing waste water of this invention. A characteristic feature of the
second treating method is that a diamond electrode is used at least as an anode and pH
of the waste water is adjusted to alkaline. With regard to kinds and concentration of
the organic compounds to be treated, there is no limitation similarly as in the case of
the first treating method.

A pH value of the waste water to be treated is not limited especially in the
second treating method if the water is alkaline, but preferably it is 8 to 14, and more
preferably 9 to 13.

A hydroxyl radical forming effect is decreased at values less than pH 8 so that

the effectiveness thereof to oxidatively decompose the organic compounds is not
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met hod. The treatnment by el ectrol ytic deconposition may be conducted by the
use of a dianond el ectrode as a cathode while periodically changing

cat hode and anode. In this case, it is preferable to conduct a 3%@%@ ]
treatnment at the current density of 0.001 to 10 A/cn2 on the s 4

t he di anond el ectrode and the liquid flow I|inear velocity of 10 to 10, 000
m hr by flow ng the organi c conpounds-containing waste water in the
direction parallel to the dianond el ectrode so as to deconpose organic
conpounds bﬁi;p@d)\%ﬂt\f/mﬂ(%/ﬂcﬁ thé é@égtiivé/rlﬁke/is shmrafedatqumeat | arge quantity ofI
waste water from pl ants ctroly |t| on a.practica
scale to reduce Org&HPENt m%%&gﬁgﬂ?‘h élhh‘f‘ﬁé’?laﬁ’n a@%l&%tnéeli#ltﬁed

| evel at cuwatsﬂaentvatderossﬁgpljrmg&dﬂﬂn'mnalava(welw@deeﬂﬂ;lg]hdimiévadnes thesgpta.r ed di anond
el ectrodes of |ar ageArea; Lo ent, electrol.ytic reaction
tanks havi ng Iarlggeqetf%nt ajl metg! (érn%lri Itljeseasfgh Pt mag era(érq%l hg®cos osl,{ng

al t hough t Hberaf suehtas Mﬂfmmieemdycawondteacvfahd n&tzécaisnt)daeor gisgdtedsh actarty. At

current derhgildtag ﬁ\égﬁecﬂ:@ 638, on the contrary, voltage between el ectrodes
is increase & consumed as thermal ener gy, which is uneconom cal and not
preferabl e from dssamrigpoitant epingufathiel secondoftredtingronethed dette orpaducthiber eason

why the |'i qiagmEdiony Obciv@stie d%hﬁ%ﬂh& 10 tfiepel%gcr(g%c Bdalbfiod Badi BERY 2 YBI OCi ty

is that insufficient contact tine between the waste water and the el ectrode
13 V S DEC<9opditonsas feserabetaahors: the aHalios a&a@ee eath metalqambbpedded it Frage

?r gatm C co ﬁ&ﬁé&nmaﬁ%mﬁéﬁk&m ¥1d@tfror{1 le o uﬁb@fﬂr&yn@ye%n&o té}&g gdrrb&amm@; ?e
rea|ng e | C e S er |1 extrenel re ecause. an
eat 1Y) SRPUBPE St ey (A leBb LS reacbigh Ja e it Yaite QALY e AR 2
Especi al | y sydtan CbiﬁﬁnSE&;l’mlch eafacihityasr de eeitigoeidon ¢f dléerolyticsieadtionatiniemthemet hod,

it is pre&gﬁ@%a%elt % @?f&r‘*{lrtﬁa%tr?ﬁm%aw is 0.5 to 10 Alcn2 and the

liquid flo inear ve 000 mhr and that the fornulas 1
and 2 are sati sf led Pr?i‘ﬂdbém%coadmtdhﬂdre@éln?}érlmq}leelﬂnm“thﬁéleelaelﬁﬂw&uytmc

reaction tapkgolyfec Rktibh 'f:ﬂrfk%qs vsffﬁﬁ)x?ﬁ' @htof thle dbsvdlfehiigRlaYeodieibh ol Qo 0 95C
in the second treating because "electrolytic deconposition of

organi ¢ coRBEURRREe b ede%fgﬁls% addedif £ i ci ent | y at excessively |ow tenperatures,
whi | e consi der abAeilixﬁﬁﬁmblee@odﬁ u@dsfof QRIS midally Qkéa%u@oﬁisa@fwatéiedf\/@en t he

wast e water adt A %]ts de surfac In the egondtreaghn

s o entrBR mintiongd D el Hiay i fie Sdfpe o wE S0 ot LA BT TheAR8e
wast e wat emethpdel 'Blaet tredtytdnt bedetsstrplysic tdemrnpqsltlbe nesyf leecdondhedtyd by slnm-gsedxf anond
el ectrodes W&n&o d%ﬁjéc%&é N9, pzhlh&ie &'ﬁ'l?e ﬁ)&iﬁ:a})?@&%rn En c% dﬁ%nlalaﬂﬁ ich reduce

the contact surface area due {0 satlefactory cur Sity thereof, nmake
the system scall MPaseeaM%pm&r%blw@lcenwt acqoe;ta@t é?eaba%ﬁtcafc@@r%@E% due

to remar ka@éxﬁlty cheodcal 1ARRE bh tie ﬁ&fé@é 6 thg Liyamaﬂasetl&twaé ghd feathuid A&k S,
etc. can be el ectroc(%em caaé)ﬁptreat eg y means of a co act SY stem on a

practical WYRedr&elogt ¢kl tr AP &/Bbbiptieiriag theoreaniasempepnds E-containing waste

water in the direction parallel to the diamond electrode so as to decompose organic
compounds by electrolysis effectively.

In order to treat large quantity of waste water from plants, etc. by electrolytic
decomposition on a practical scale to reduce organic compounds contained therein to a
predetermined level at current density less than 0.001 A/cm?2, there are required
diamond electrodes of large surface area to some extent, electrolytic reaction tanks
having large quantity and enormous system- and running costs, although the current
efficiency of diamond electrode is satisfactory.

At current density over 10 A/em?, on the contrary, voltage between electrodes
is increased and consumed as thermal energy, which is uneconomical and not
‘preferable from a standpoint of durability of diamond electrode.

The reason why the liquid flow of waste water is 10 to 10,000 m/hr in linear

velocity is that insufficient contact time between the waste water and the electrode
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the waste water are very easily deconposed to harm ess inorgani c conpounds
such as carbon dioxide and water w thout form ng harnful and bad smelling
byproducts. The third nmethod for treating organi c conpounds-contai n| n
waste water There will be described the third nethod and systerri]cﬁf gﬁﬁ
invention for treating organic conmpounds-containing waste water. A
characteristic feature of the third treating nethod is that organic
conpounds-contai ning waste water to be treated contains organi c suspended

solids, whishffa@ HeE9FRaSdthd aectmmcm)w@aneaforgam J&%poﬁﬁd@th@ﬁm&ﬁ@tat of
descrlbed in the first treating qﬁ{stemo hi's i nvention for

treating orﬂggn‘ie}?c’éb ﬁf%dﬁd@odﬁ/ﬁf ar }h‘i%‘ije%t cAaY ef the st WRER 1hH 8FIHNY ai ns

organic s u@mwwa@alof dﬁ mdu&ic@d’r@‘éle@ﬁdlch bifecd h@ﬂWdel&h@qstd@ﬁ 16 evhid r eat i ng
such solids by | ect %rnl C deco%om tion of an

a
anode and a cat hbdRecRYY. G spme LpishR as & ‘fsc’ég“é’c‘f‘rt%lﬁggt t‘ieﬁt’{l?ﬁ ?‘35%(?&&? and
met hod f or pkef@able m@ab&hgamré:ntcde&d? €1t ﬁﬁcmﬂ 86l Wasligid ﬂah%hean vielocisy not
necessary to ni u de so i cont in the waste water
by a pretr éa%orrgéﬁﬁe{&(s)wﬂg "?iltﬁﬁ?@‘te “e\?ﬁj 2y ﬁTeaSLa?S’ﬂ dgedi nment ati on so that
the waste wat er Athoughen lijuié ¢éthyerstippln ek etl@txblyelctréz&m]bn rignlssyis mehlimiteker eby
the organig e d e. organi ¢ din
the waste seaiTpar S aegRbh R R R R i T ARG AL SR Rl
deconposedelattralipfac é@@p@alm@ b@ongemngompomdamwdedseﬂne@ﬂﬁmdéx ahgEcepsivRll | y
removed. Ajgl f’t‘é’ﬂ?ﬁ@a&lr&cwﬂ’iﬂae%oﬁ@@éi{ablg foﬂﬁaﬁcﬂ! ofl ght eahkdids r‘iﬁhﬁﬁg QRthcpyst em

may be the sanme as that of used in the first treating nethod. The di anond
el ectrode Peiweemtheastsnertor andiehe glestiode Pafaci ndow conpared with
conventional netgl thels@@haQ&@&n@tﬂé@h&ﬁo@h@tmmnmn@bo@m tohsathyrgiegen and
oxygen forned b t| c deco sition 1of. \évat er and, on, te{}? ot ?er
hand, pronﬁ?’@’é’“ ?lf‘% %fwaﬁ s i g‘@' glgeineletic deqempesikion AU R ox y |

r adi caI thmngaﬂ;anmmﬂwlétanodémbvhﬂeragmi:mg slibsf thecessté ovdter oxallialiea vanch
deco”posedretiﬁée”&e Lt%&t éu‘é?'cx a%éae@\g et Dyispxi EjﬁEur‘f&t (Pe%%gggﬂéﬂe&ﬂ ke IRAL 1S
to say, when waste water cont al ns organi c suspen solids is

treat ed bySYéte@thﬁ smpld cee%eonpctsqutbleovf adidie oprbgsinicorrosiopetigeld walarkpdleyr e
deconposed:Heti®@hidbiigy O gani ¢ substances, followed by additional treatnent
by electrolytic deconposition to further deconpose them anq t hen renoved.
The organic ~susHSHdEEDs BrPtes atehiramlantsigesar Be giecpcheayerlly ey ed
conventi onabdn)s oY cémpdt 6¥st@a lofiRNradtid]l SHakRIREL ciarit UsigFoundbcditainb@in ar e
deconposect anq\if ved toget h Wit h s(? ult1)I elorgrﬁml C substan((:ies therel n at
the same tTme A FaGt a’%?nv%b% ede?f%%otse p Hprppless RTRARC CPRPPIASSBRLE Tt s
pr ef er abl eatlwncbexridecandawatentvébbut foeanghatméd ahdbad smelding bypodséte.y of 0. 001
to 10 A/ Cnﬁleq:ﬂlrhqf%ﬁﬁ Eoﬁ‘&%a.&ﬁg&&gnﬂ'c&%’& qldQ' c&ﬁg{nq)rgaew’éi&g vsIalg(?r liquid flow

l'inear velocity of ng t Waste wat er which
contai ns organi (’;I‘here w111 be descr1bed the thlrd method and system of this invention for

treating organic compounds-containing waste water. A characteristic feature of the
third treating method is that organic compounds-containing waste water to be treated
contains organic suspended solids, while a decomposition mechanism thereof is the
same as that of described in the first treating method. A system of this invention for
treating organic compounds-containing waste water, which further contains organic
suspended solids, is provided with diamond electrodes for treating such solids by
electrolytic decomposition as an anode, or as both of an anode and a cathode to conduct
change of electrodes.

In this system and method for treating organic compounds-containing waste
water, it is not necessary to remove organic suspended solids contained in the waste
water by a pretreatment such as filtration and coagulation-sedimentation so that the
waste water can be directly supplied to the treating system, thereby the organic

suspended solids and soluble organic substances contained in the waste water being
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suspended solids in the direction parallel to the dianond el ectrode so as
to deconpose organic conpounds by electrolysis effectively. The range of
the current density and the liquid flow linear velocity to be used in this
met hod is based on the sanme reason as described in the second §geptd ngs
met hod. Especially, for the sane reason as described in the first treatnent
nmethod, it is preferable that the current density is 0.5 to 10 A/lcn2 and
the liquid flow |linear velocity is 200 to 10,000 nm'hr and that the
formulas 1 ) th |qU|d

el et of yt (L BacheBigLF Mlglurth QR B bielihde LRI Lol Bably |
about 10 t@legiz’r@iqsmnﬂrﬁ@aﬂmm@wdeatl ng met hod, because el ectrol ytic
deconposi tion of xof 5&5&1@& yraq%} BY ALy Lr@aﬂgﬁlgﬂh%@taw FhtefRgs L vel y

| ow t enper at ures, Il'e considera rmati on of gas contents inhibits
cont act béﬁ/\i’?@?ﬁ%ﬂfh%ﬁ%@d\ﬁéﬂl@ﬁrﬁﬁd&aﬁm@tb@irode surface. In the third

treating nethod of, Hmn%nura{@cmsouemaslatn bRty B85 WRA& ﬂd@eﬁ’c?a'l%nﬁ&cfv@‘é&m}\lﬁbd/
reduce total organic carb TOC). concentration and chem ca emand

(COD) of WAl @I\)@tt&name&% Bhedrh SuSt gamiatingms Fanehe eordEs &ggrog?ﬁa ﬁaﬁéd/e t he

gl ectrol yt bﬁygeﬂffcfrhféti R @lécﬁ?l@ﬁaﬂlé‘(%idgo%ﬂﬂlgﬂ of wsﬁ% g'g&\tolntt%ﬂe etiRehaad )ﬁrblﬁotes .
econposi sin nventiona a odes,

decrease a r@la gt Pg‘ﬂ‘édozslﬂg pernds Sichps050e? ?"é{H f’%g‘;%%ta gt

el ect r ol yt bxganieaabstaives yoshearxidige daandhtec@nposad béind éff@gselg ltmatedéxymmimtmal

merits. Especiall i ssi bl tok v
sol i ds and8 smlpo%?i%n otrhgﬁllsg%s%s g%c &s Qﬁte gh & f(fotr:1 aérrllsc gﬁ cslé ucti ng

change of edlidet ltsotte@eduéqyngleciaivlatm nbcmmmmabe aggiot hsuélﬁendnd ambdl‘e agnd a
cat hode. T@&o&?bﬁeﬁ“tﬁ%&lﬂgﬂ fn%fat ﬁr St A OF B G%v&d Cb?/”Hﬁ&'i@lqﬁalc %Eﬁhéﬂt”gy wast e

wat er There w describ fourth net I's Invention far

treating YegEgivtic %mm%émthwlwgmmeéhama@ﬂéh%fqneOVPé»atWeorsffm‘t he

L ourth trgﬁisb&gieﬂﬁefoh@ﬁcoﬂtﬁm&d]aﬁ V&Hsﬂ-;aWaGerCm%é@ﬁl%%WBdaédﬁivﬁhm%ﬁH& eywater to
e treated contai anic, ni ompoun and t t he tep

Creat mont By Car R arg Aol cb ABBET ik P S sheraoat T trgearb gt

el ect r odeswiab sbloble coganic odttandess thackimat greodeeairde without dyey pretreamebns irep

treatment hy I%Lt%%{iml ytic deconposition is conducted using the di anond

el ectrode as a cathode and a netal electrode as an anode. In this case,
sul fate ions nmaylnbhischsedittie preferakdes te comluet avhiteht treatnesntat the gameat

ni trogen %%Eﬁyﬂﬂﬁodm'lotpbﬁnﬂc dxf ﬁf‘e shfﬁé’é mﬁé dR¥oRH %féTctercieYatﬂcPth@%Q{Hpﬂlﬁd tion
is conducted and simla he sanme time, chloride jons may be added

to the wadtwear felpdty ‘{frlgé? éé 089/ mc%bsr flowmnedhe yaste sxataeTibichusera i 88 o nd
treat ment duygpsided ksiis)ih ite did@ERARPASLILd] 86 tHeSAigAREIIEIEEELde G0 Itb @emﬁp’o@egen

apeci T1c. JREUHT FOPRBEE: BEHAGTRNE PRI r dBE TRty orerhaenapy it
conmpound whe tihuidetonbiinede eanptystebebisediim dlietibtiolyis based e ahersarhe te@semas
1 NOrgant € goseribed in the second treating method.

Especially, for the same reason as described in the first treatment method, it is

preferable that the current density is 0.5 to 10 A/cm? and the liquid flow linear velocity
is 200 to 10,000 m/hr and that the formulas 1 and 2 are satisfied.

Although a liquid temperature in the electrolytic reaction tanks is not limited
especially, it is desirably about 10 to 95°C in the third treating method, because
electrolytic decomposition of organic compounds promotes insufficiently at excessively
low temperatures, while considerable formation of gas contents inhibits contact
between the waste water and the electrode surface.

In the third treating method of this invention, it is possible to very effectively
reduce total organic carbon (TOC) concentration and chemical oxygen demand (COD) of
waste water which contains organic suspended solids, improve the electrolytic

efficiency compared with a treatment by electrolytic decomposition using conventional
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conpound such as carbon dioxide, nitrogen and water. Further, concentration
of the organic nitrogen conpounds is not limted specifically but nay be
any level, while the nitrogen conpounds may be concentrated before the
treatment, if necessary. It is preferable, however, that concertf &EF o#il5of
the organic nitrogen conpounds is about 0.5 to 20 g/Ilter ("liter" and
"mlliliter" will hereinafter be referred to as "L" and "nlL",

respectively) froma standpoint of the electrolytic efficiency of the
second ste t.pent i t n the fouyrt LAg

met hod, to a?th%l(r%?atc K elec{}B&e@' ?&eg& 59%1%3%09? urtlf’ltczleu éed fto % %8&???;&%1 &]st ep
and total origamize thd telaectg@almtu( ifearszplon systemrﬁsya Ivvchwer Uhlcmbrmge gs@écm@rm@tl@é The
first step t i t e i

i arond of Gn T odae sl i, FEpUaINE 1 K987 ARAR of Bkt FRBRME LIS WE

el ect r odes saltblepseanigsulistanseott kigh k8irienan bty srndanbee change gbelertraslesl vaiBsve,
organi c ni TdEaQﬂcﬁﬁe@é%Eﬂ%QéH’%%o%@fa@?‘dr@Héﬁﬂd%@aM@he and nitrate ions on the
anode and rduced to ammnl a on the cat hode Whl ch is then OXI di zed to
nitrate i cnelonsthmat AANE RER AL GOMIDAHRQHREN Hevess BRt are t hus
repeat ed bet WeenTBéltehwﬂlﬁ be Ode(écﬂm%@ aﬁoﬁuedheﬁtetme&, tlﬁémﬁkl’bln@loﬁ %mﬂeaangt he
cathode is subjected tpo the. second step treatnent ctrolytic

deconposi t PEAMSEPEPauRds cortaimpg Apehargtpristisfeatyee %fﬁgééour EP% method
re- oxi dat i ¢ tlidtesgaic bempguqnisemmtxadg iwastd iviatér eabe rbgeamai hattainksf organic

el ectrol yt e?ré"@rll %erlcgu%dg‘la?ld% at(@fg‘g g%}eé%%%gréengsby & ro 1c|cfe'>c tl{l‘[ﬁ sﬁ%ﬁh@ m

formation O er sulfuri ¢ aci roceeds On € anode side
“of di anondcordheted netgsliambid blegtyeries gis doilcef 4 yatbodet aidam @godecanchthenfthect of

strong oxi Q&Bﬁd’ Step ?@a@ﬁ@ﬁts%& Fé@tr@ﬂ@%@co%};p%%ft{gﬁ"%’%@ﬂu‘é’é&h%iﬁ%%@&iﬁnﬁ% fate

ion may include sulfates o tal” an ne earth netal such as
pot assi um glgetradeas acatliodapad prmatel eesirodapepyanodsyl f at e, or ot her conpounds

capabl e of form nggsliat @uH&QS@nsTﬂ@§Q)eeA(ﬂ@& e lghd %SWateeivtmef cdh@aiu§ed

i ndependent | conbi na t or r e| ectr ol whi ch
cont g.l n su?rlgé'tné nitg ﬁ%ﬁa‘ﬁ‘?m&gmb‘#eﬁ Th tltengm f &ﬁﬁﬁ“&e“ﬁ bt’ 5 &‘ﬁiy%‘c deContpoSitiot 1
conpounds- @ndtebdiang siaddrdy, wattbe sdrbe biene, rchka;hdel 1days e bé addé¢dtd theavastant

met hod or é%% 't e‘l'c‘e %btﬂeofi}s? W) &?atm%%@ G &nﬁftresa‘&n&?é ﬁy ef%@trgl%é ng the

first step rea deconp OSI |on 'S no mte
speci fic IWemPOSbmntercelﬁ@ctaﬂdty is about 1 to 100 g/L in the fourth

treating method.ot8Rical% g @M REI S GEdte@by %Hé fRLG {OftidSmB@od @xdi bi ted
at excessi vel y | ower concentration thereof, while such effect is_saturated

at excessi W& Nmitefl Yhareckisrngnl those RomprInds haxe ditroesh, artdheaéueeweom es
t hensel vescosipotthd Wifich co@theddecompPose tqeaﬁe@&eﬁlﬁtﬁetrbmetlmataxetﬁdrgaxﬁmy | t
5 et A obh SO A2 250, PTH IR B SIS s
vel oci ty afrganic nitrogen compounds is not limited specifically but may be any level, while the
nitrogen compounds may be concentrated before the treatment, if necessary. It is
preferable, however, that concentration of the organic nitrogen compounds is about 0.5
to 20 glliter (“liter” and “milliliter” will hereinafter be referred to as “L” and “mL”,
respectively) from a standpoint of the electrolytic efficiency of the second step
treatment in this treating method.
In the fourth treating method, total organic carbon(TOC) is primarily reduced
in the first step and total organic nitrogen (T-N) is mainly lowered in the second step.
The first step treatment by electrolytic decomposition is conducted using
diamond electrodes as both of a cathode and an anode.
When the diamond electrodes are used as both of cathode and an anode as
described above, organic nitrogen compounds are oxidized to NOx and nitrate ions on
the anode and reduced to ammonia on the cathode, which is then oxidized to nitrate

ions on the anode. Although oxidation and reduction are thus repeated between both
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200 to 10,000 m hr. When the current density is less than 0.1 Alcn®,

el ectrodes of wder surface area and electrolytic reaction tanks of |arge
guantity are required to treat a | arge amount of waste water which

cont ai ns organi c nitrogen conpounds by electrolytic deconposi t-tr?TgrbEtLO
reduce the conmpounds to a predeterm ned |evel, and when it is nore t%ﬂg‘% 10
Al cnR2, voltage between el ectrodes increases and is consuned as thernal
energy, which is not preferable froma standpoint of durability of dianond

el ectrodes. ,The,liquid flow ljnear velogcity is preferably increased with an
i ncrease i r‘?letcﬂtgdesc Prenta %@'ﬁ%‘i ?’i/?hq ?f"th?‘%ells Sf‘hJeF’%iig‘éaé? sﬁﬁ%‘a‘dr%ﬁ%\%rﬁf"g?%’twe to
70 % or noibe élactBolintixurdsconvdobitibn bdi@realiove oidivet Ofath roangie ahodar therdby
density and_to.renoye .contents,.fgrnmed by th | ectrolytic reaction
toget her wit ﬂ)%fiﬁtemr} %ﬁﬂ?%gg figpreveyted o ﬁlrlr%n%ﬁ%# m{a@og‘i ncrease the liquid flow
linear velocity &elect2@@tenivircltardntat pukifteriabl EOrd kgepsent inrthehsystemange up

to 10, 000 . ' h e escr | [ irst
Lreat ot Retiogof b @l o QlORS sSETRoACADARALS, RENEINTSH, Fakitnl (1
is 0.5 to eBcinpdenp valrich t $ymetgisgisally f tomdribitpeato thé odferty ofi strom) axddatiye 000

n hr and t hadondphgitibgrmulas 1 and 2 are satisfied. A though a liquid
tenperature of the first step treatnent by electrolytic deconposition is
not |inited espe&hedelslectiolytpss whichi qontaiy Sa%f@tﬂ iopomey, inphede; splfages plogliekh
treati ng ”ﬁfem%dg@lﬁa@iﬂﬁ %?gh%tmﬁ&h 'at§ pdﬁagsmﬁps'ﬂnfaté,) l@od?&m%ﬁﬁ@ﬂé'a?ldmalcﬁtﬁﬂvﬁ _nI
conmpounds oceeds, i nsufficjen at. _excessiyvel y | ow tenperat ures, ile
consi der abf'g%aft%r%&tp?fncoﬂfpou‘@%sca%%?é’tﬁtf%milﬂﬁislﬂf‘?t% 1Bt é&"fse i‘i‘%@gﬁest ¥& wast e
wat er and tifleerdeastd depsidehithe e anyrombasit®n\watves orintorahi ch TOC is primarily
reduced by the figyst, treatnment.b el ect.rol.ytic deco sition.is: j ected
to the second tr’ié%? (F’rlgﬁf(ﬁ)gtﬁs g?%(}:lt%%ﬁayf F’@}atﬁlé&élo%ﬁs? fe%’%’ a ﬁég%né%gﬁ%%gﬁ
treat nent ¢ompokadsewitaining westomptesi toilentreated dndbe tiadth sieagnent mpthnsd iy

el ectrode gsrauSatdRdcu@yd @ netal electrode as an anode. There may be used

an el ectrode made of platinum_ palladium rhodi um %ol d, silver and
iridiumas well @ecgpirafjon phapiasy ios duripe (he firstoster tregbaent Thic plechiglytia) so be
used el ectd«®e@fodiBsiLisaot liraGka thRtpe&fi®leval, by pre@drabll i&Bb it IPRF BVG/Dlin

supported types.. | n t.he secqnd st treatnmen y electralytic o
oot t B gtk B e T4 FH0V-EHo TSR TsaaRe e ol BRI 1 r st
st ep tr eatatentessivelytlpeatedednyragbe tharedfytrhile subhoadomas isdtuoated at axrebdieelyret al

el ectrode ;a n h i nd, el ectrode a a reguce T-N
When cht ord bsRBREE AR !y AAAIRLARE FEHERAE ARnRavEARE D] Rl
qui te ef fwekith decreasgsthe togntopnteifiviencyachi eved. The reason why is that

hypochlorite ionti & fiofefRit 08 LBSRPOHR ANt F&BET fedthnidht 2BFOBleabIpfie®d by
reduction of nitrate ion on . ] ) .
decomposition at current density of 0.1 to 10 A/cm? and liquid flow linear velocity of
200 to 10,000 m/hr. When the current density is less than 0.1 A/cm?, electrodes of
wider surface area and electrolytic reaction tanks of large quantity are required to
treat a large amount of waste water which contains organic nitrogen compounds by
electrolytic decomposition to reduce the compounds to a predetermined level, and when
it is more than 10 A/ecm?, voltage between electrodes increases and is consumed as
thermal energy, which is not preferable from a standpoint of durability of diamond
electrodes.

The liquid flow linear velocity is preferably increased with an increase in the
current density. In order to raise a TOC removal rate to 70 % or more in 3 hours
within the above mentioned range of current density and to remove gas contents
formed by the electrolytic reaction together with the liquid flow, it is important to
increase the liquid flow linear velocity over 200 m/hr and is preferable to keep it in the
range up to 10,000 m/hr.

Especially, for the same reason as described in the first treatment method, it is
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t he di anond cathode to forma nitrogen gas, which is rel eased out of the
system |f the dianond electrode is used as an anode, however, oxidation
ability thereof is excessively strong so that the chloride ion is oxidized
to perchloric acid and the reaction as described above does nof) gogy bygs
There may be used potassium chloride, sodium chlori de, pota55|um

hypochl orite, sodi um hypochlorite, etc. as the electrol ytes which contain
the chloride ions and they may be used independently or any conbi nation of

two or nore, eIe mhrch oride.ia sent in
the organi & refﬁr &gﬁl&ﬁ%rgu s t?Sr‘ﬁ ig%ﬁé’s aé‘d\ﬁg? g?mﬁgloggx’te e?

this treatﬁm@XNQUHQQOmﬂthndﬂnwﬂudhnmdaﬁﬂemﬂdu&smd&ﬁe@bncentratlon of

chl oride ions duri e ment b eIe y ;
deconposition of t;itl‘gu% our?ﬁlﬁg ﬁtpg%ag“‘tr?e ﬁh%f %rSt é’{t #&llt E%%tlecgﬁgtc

12, 000 ny/ Ideconatoslhlougn nptt linited @spelciably,t ibds tigslmbgpelwt |1@ th @6‘&1 in @& fowgh DEC
2005 As chlighide hafsy \tggeae&&tyttch&ecg HpBAREy B of Al Rfkdklie oG AfHaL

eff|C|ency as escrlbe concentration thereof Is not necessarlly SO
high in t hipgocesdsansuificientin #sacesaively dew teneieantures, whide cansiderable farmpationpfr ent

efficiency gh§cdht&lls ﬁﬁuﬁlf&oﬁﬁkhﬂgﬁeen ARG ACCRLAL B Yhel etlectr'édepgﬁ'ﬁc@l e to get
sufficient current ef ficiency under the concentration of_12, 000 ng%L

around whi ch the E?FP@F@HH?‘H@%@%%ggsjFﬁ“ﬁ@%@éﬁ?ﬁﬁﬁépyf*%%@ﬁ@ﬁ?t

el ectrol yt Ielécﬁl@lwrrp&b%bﬁlp@mdms i) Gsubedted N N 1Bl €6dcbRdl eFeattehDtly @fectrolyéit hode
and an anoge the other hand, when the concentration is | ess than 500
my/L, it i e%ﬁﬁ@??ﬂ%s hard to obtain sufficient current efficiency to
reduce T-N i n t h€hevastoad watamenhrbyuelbctidlgtic tdeamiporition by @héadted luginigca
deconposi ti fe C jStep treatment by
el ectrol yt ?%%0 géegac&m?era?s Ea%ﬁ% ah‘?r e%&gggltﬁ%& e a%t%% eto 10 A/cn?2 and
liquid flow i ne'ahereemaycbet yeedfan @trofe nige @6 0latinkm, pelieshumhehodim, gald,

density iSglRsand iaNuld v&/ll%@?allo?é @etdoPdemeahetyl d&kirsalr face area and
el ectrolytic rea%tlon tanks of large quantity are required to r duce T-Nin

the waste water 'R4iFotgh e ber B%ﬁdné]ﬁf’trﬁ‘iﬁselméét rgl there Betgnpodliervitto a
predeternlDEHdub@Mﬁﬂor@ﬁ@oﬂ@@qub is nore than 10 A/ cn®, voltage bet ween

el ectrodes incr ener i S _nhot
preferable from é‘ 5?1‘%35%?%? ttﬁat‘aﬁ?% q?‘i’cf’S?Tyth%‘é‘t %Yletlhg arsoedveater The
liquid fl owhichikQC haelteen tryduced by etherfabst ytep riceatmsat ivitteatenby electelytici n t he
current de(]'i:lb%bﬁl%!%sdl&}b{?élgf thd Petadle %@tr@de aJ\'a{l %ﬁ?&’ealmc{ & edlLI?lOIY(P IR Qbdc £ 1n 3
hour s ove mentioned range of current density and to renove
gas cont entashodedp msicoy N he electrolytlc reaction together with the liquid

flow, it is inmpowhanithibfide idHs @FSECITHE ebd YatelpfokQiW ﬁl' {hehas¥&wdtdr Yuiyer 200

mhr and is_preferable t t range up 00
effegtlve reduction ofo Tli\? 1s achleveg JIq'he reason Why 1s that %ypoc%lomte ion is

formed on the anode and reacts with ammonia formed by reduction of nitrate ion on

the diamond cathode to form a nitrogen gas, which is released out of the system.

If the diamond electrode is used as an anode, however, oxidation ability
thereof is excessively strong so that the chloride ion is oxidized to perchloric acid and
the reaction as described above does not occur.

There may be used potassium chloride, sodium chloride, potassium
hypochlorite, sodium hypochlorite, etc. as the electrolytes which contain the chloride
ions and they may be used independently or any combination of two or more.

The electrolytes which contain chloride ions may be present in the organic
nitrogen compounds-containing waste water to be treated by this treating method or be
introduced from outside.

Concentration of chloride ions during the second step treatment by electrolytic
decomposition of the fourth treating method is preferably about 500 to 12,000 mg/L,

although it is not limited to a specific level.
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Especially, for the same reason as described in the first treatnent nethod,
it is preferable that the current density is 0.5 to 10 A/lcn2 and the
liquid flow linear velocity is 200 to 10,000 nihand that the forrmulas 1
and 2 are satisfied. Although a liquid tenperature of the second gsDeEP 205
treatment by electrolytic deconposition is not limted especially, it is
desirably about 10 to 95C as simlarly as the first step treatnent by

el ectrolytic deconposition, the reaction to reduce T-N proceeds
insufficiently a i I r

formation of gagsgé%?l?%tﬁsﬁ%i %rﬁll%?{% tgg(r:@g g(g:#lor g%{\ﬁaew%ﬁ%% %%ﬂg@?g&@ﬁ#@ *3nd the
el ectrode slapored abPrrerconermyrabion Uhertof fie nohmecabaiipre bighcinr ddedreafipt oyed
in the firStethddMhdd a @ﬁlﬂ%ﬁ@ eﬁ%trr')(hao(ﬁ%lgl @&}réﬁcﬁﬁm&{wllé)ﬁgeq srlhé bﬁ:hg%er st and

second step treatnents by | ectrol ytic deconposition. fourt
treating nePAgerordingy ifis §Pssalﬂ@lt05@é éﬁ*fécwte@lrrqnéafﬁwnﬂsuwr 111'-? qorlceetIBE@ 2f it >v

el ectrol yt i 1@@@@5&&%' Ao wchbﬁlecaﬂ&éﬂw%}exs&%%ﬁ@&fdmhﬁ Reatflehfiby
ar rangenent . of first step electrol yt| C reaction tank nd a second step

el ectrol yt ielfcﬁr%%f fsAmpasifionusiae plafigim qlestyodgs asbothplg W“éf’dﬁéf‘é RRAPLE: ranner
as shO}Nn Ilﬂ)n:'_ﬂhgot}ﬁr han i eh t&ie%&ﬂ%&ﬂ@@tﬁrﬁlkesg thm%@fﬁlg\mgﬁlds Etﬁﬁémeaal Hab@ first
stepeectro tic regaction t an tep .electr t

reaction tX t?“’s%“ HaRt QHLETR %@@cy ?e'ftcée]g& %‘ V?F‘sf%é’afeéﬁgr‘égh&{’%r t he
first steptﬂeﬁemamrbmblebgtol@hedécroﬁipyéltmndecorrp05| tion and then subj ected to

t he second step ptreat by, ele roI tic de o 05|t|on IR & and 6,
nuneral 4 deS|gnates r%fac})rl% té’ Cdk otrxevx%esc tr?omﬁnt re!a?adlyg?ld
nunmeral 5 deingpsities aaclsxtrmtatpexsmnko fldp I\ﬁ)aA/emz ahd éxqutdhéovs doearavelocp of
treatment byy @l ®%obMti ¢ deconposition. Further, according to this
treating nethod, there may be used a plurality of each_of the first and
second step el ec%ﬁ!‘ﬁ“i’ eurenicdansity isaliRs thenghdy Adersh slastrpdesiif gadersurliay 6,
whil e an asfeange réwatromm gaztior kAl rlea)f&é @udrﬁﬂ?hk@féqﬁﬁ&ktdﬁ%ﬁu&er Nnnské i es,

in parallel or ion there arran suited for
successf ul Fgste “@Z%ﬁﬁ’ﬁ é’ﬁ nrEethieRt g\j@’r‘?ﬁéﬁ%ﬁgﬁﬁ’?—p&? anpdegx‘?&% m?/\gt er by
el ectrol ytlegel, akebwhfmsu ib inmaxe thdm l@A&néovditalgaﬂ)eﬁnenfelqn&bdﬁsl ietreses iaall is
arrangenen I N ter

o Onge an%?%sﬁxﬁefﬁso{h%%hﬁén% r%%;uc% @ﬁég C&g faql?afrgr% qé‘c%‘ I;lr?ﬁgﬁét gteiu%ﬁ?»ggtglowa

ni trogen c@iﬁvenﬁlellsct@:‘zﬁ?@al ni ng waste water by eI ect roI ytic deconposition.

As shown in Fi g.The lidud ﬂ@%@{mhﬁvasmyqe ?At&%ﬂy"i‘nh’{ehé‘edrv%ﬁﬁh(?ﬁbréﬁe ks thel, 12
and 13 for conducting. t first steﬁNreat nment é el ectrolytic
€

deconposi t§UEFRAdensit: ahg@ﬂier rfo raiseiaed N fmeval eatece T %o fnarq P drhodiyed

t hese tank\sltmhetherﬁHohermartfoas@&dngmofc Bir@ént @@fsﬁ&lﬁd tOYEnAe fsadddtemdts VASt e
the first

water is s wast ter stor

o ect r o y oL BE b Sp Al oactinh Yageing iR SRR o, e BRRG ¢

t he secondcaas thh éaquidh&pvct hieagt veloaitt ovek 200 o/lireast is prefemhblesto k2ep t2ndlmd 12 as
wel | as 131‘:111&9 up to 10,000 m/hr. -

Especially, for the same reason as described in the first treatment method, it is

preferable that the current density is 0.5 to 10 A/cm? and the liquid flow linear velocity
is 200 to 10,000 m/hand that the formulas 1 and 2 are satisfied.

Although a liquid temperature of the second step treatment by electrolytic
decomposition is not limited especially, it is desirably about 10 to 95°C as similarly as
the first step treatment by electrolytic decomposition, the reaction to reduce T-N
proceeds insufficiently at excessively low temperatures, while considerable formation of
gas contents inhibits contact between the waste water and the electrode surface.

There may be used the same diamond electrodes employed in the first treating
method as those electrodes employed in the first and second step treatments by
electrolytic decomposition.

In the fourth treating method, the first and second step treatments by
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and 13 one after another to conduct the first step treatnent by
electrolytic deconposition, and is collected in the storage tank 3. Wth
regard to the second step treatnent by electrolytic deconpositiaon,
electrolytic reaction tanks are arranged in series (21, 22 and 48§ DERd2in
parallel (rows A, B and C) in a simlar manner as descri bed above. The
water is supplied fromthe storage tank 3 to the first electrolytic
reaction tanks 21, 21 and 21 of each of rows A, B and C, and then the

second and dagokbik 'agcoﬂlp%&hbﬁ’ 'n}’aly't% Joﬁﬁﬁ&du%i} Joﬁmed%% a &riddBftafderiht oVl | S

23, 23 and 23 one after another to conduct the second step treatnent by
el ect r ol yt ifEstgden pledEqly tioreachpn tamk kandn serond gtaprelechlidicaeaggiontapik28s 1t is

desirabl e isRowhiSFi@NH)QdiNEBhichRAle BREALrAE sBORE I Bk Y8 InCwkiR & biopdbettanks 11,
12 and 13 sati sfi es the abovg menti oned requirenments of thﬁtff rst step
T

treatment By 25@nEed Retpeen Shpgrsl sten pisriyelyte deachap dank ilaindy o #5Rh of
el ectrol yt ielectrelg€it reitib bkt 230 tRR vaddte aatersebh&fgt&sd Elh@héiﬁ(hkei ﬁmeﬂt’dhé)ned

requirenen of the tep.treatnent. el ectrol tlon
e our ¢ n st aian figmskh e E e Gt Brosmnce i Bt df SROREBtngs,
such as t hesetmanbgichetolytic fb@niposwtish.e water, is subjected to the first

step treatnent b eIetr I tlcdco osition usin mond, el ect.r, s as
both of a cat hodg Eh‘;a gn gf% umer%he‘?%ﬁ?a%eéé ?)tgfaﬁ&%& %revtgatseectvat% 1088
decr eased. tlrEh@ddeinnnmemllei:tlesmmtmake@onage tpnﬂsS"mbWetaroafteedtheeset:dnel etemt act

surface ar %aﬂﬁlﬁm% g@ﬁ@géc%%ogﬂgﬁ ent efficiency thereof and to

mnimze the sys e as no concern for acid or alkali corrosion due to
its outstandi ngfertben é@P“’S’P%B? this yreating meshade thexe aray benusdi & pluedity 96 ve

TOC has t b 7888 fidRGIAARESd dt6p eleetmleﬁé £ctih tdhks Sesrng seéwpid FRatsrent by

electrolytl ec osition usin ctrodes as.an anode and di anond
el ect r odes®¥% g WBQ?HBQ"&WSPFI‘E gfe?aé’bflwohy dicrigachpictaak Sy bt AR SERerY. As a

result, vvap:t:ellutahea dotobinapioanheredf. C A s@inl barfigetnente &s shiyedd fe civp@ssfdilpy an

el ectroche{n treatent, of organic nitro en. con qunds, 90§§a'e tgolgﬁgreln

to form haraﬁf%egssorﬁn%lfgélﬁl CConpounds sUCH ase carpon di oxi atgen gas
and wat er dwompoaamrpa‘dtﬂeswstﬂdm@mnaofmaa@ﬂql cetfial suadrgewhntsds I@ewpﬁgte o5yst em

cost | ow. ExXal £Rirgeli\ankity atw&gt@estetl%t Hﬁéetm atEeh%rgatn% timel Wt Ribcesariiipat ed
pol ycrystal di am)nd ectrode pl ates synt hesi zed by

05 cm
vapor phas@e#Eodhe |°6$\a‘t!|"3|Iﬁﬁoée%GP@Ho‘H@ﬁlcﬂ‘&am%\d&P%r‘@t%éﬂ 5]§Cb66‘t’ﬁc of a
cat hode ar&c&apm keepl ng a space of 1 cm between themto constitute an

for conducting the ﬁrst step treatment by electrolytic decomposition are arranged in
series, while three of serially arranged these tanks are further arranged in three
parallel rows A, B and C. Waste water is supplied from the waste water storage tank
4 to the first electrolytic reaction tanks 11, 11 and 11 of each row A, B and C, and to the
second and then the third electrolytic reaction tanks 12, 12 and 12 as well as 13, 13
and 13 one after another to conduct the first step treatment by electrolytic
decomposition, and is collected in the storage tank 3.

With regard to the second step treatment by electrolytic decomposition,
electrolytic reaction tanks are arranged in series (21, 22 and 23) and in parallel (rows A,
B and C) in a similar manner as described above. The water is supplied from the
storage tank 3 to the first electrolytic reaction tanks 21, 21 and 21 of each of rows A, B
and C, and then the second and the third electrolytic reaction tanks 22, 22 and 22 as
well as 23, 23 and 23 one after another to conduct the second step treatment by
electrolytic decompesition, which is collected in the storage tank 5.

It is desirable in this embodiment that each of electrolytic reaction tanks 11,

12 and 13 satisfies the above mentioned requirements of the first step treatment by
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di et hyl sul foxi de (DVMSO) as an organi c conpound was prepared, followed by
addition of 14,200 ng/L of sodiumsulfate thereto, and stored in a storage
tank. Making quantity of electricity to the dianond el ectrodes was
controlled to yield current density of 1 A/cn2, while the wast e ggEerphsh
the storage tank was introduced to the electrolytic reaction tank by
adjusting a punping rate at 1,500 mihr of liquid flow |Iinear velocity,
taken out of the electrolytic tank as exit water and returned to the

storage tafch i@ dGlohidlitbh D' AERLIE Ut olchi8IHR SRRl Bhid B hearki 98 age
tank was agitat d by ans of a stirrer. {f'ter the circu at1 ng_ treatnment
was conductsaidstiesthe phavespeptioped reguiemiotsrof the firtetaEtesivsnidy electrelsis an
exit of thgeghfotitighytic reaction tank was collected for total organic
carbon (TOC) analysis. It was confirnmed that TOC is effectively deconposed
and removed fronfitheovwrdstiupatingmpeihod. apigoyaten whichpaiansrganiGgMPPundsye of

el ect Ir oIt yt Eﬁi}%&?@@t&ﬁﬁahﬁa ih B{ja)nt O«Eg& vﬂa%&?is?sﬁgjelgt@d f&fﬂ@fﬁﬁ@tt ét%!}ﬁtr@%&fépf By 1 The
circulatin reat ment was .conducted confi nuous or ree hours in a
Similar maPKEFOIRE TReQEPoIReR FRo lawapg e%cté&%af%eﬂ'aﬁgw %&‘“ﬁﬁé‘n‘? PRAPLHSE | ow

| i near veklgeélyy TOG Béifg ey .efftbigvelie dudrbade8. SMaWNibioddRlItrdde miakamst
confirnmed thatb d. renoval apout 50

T d i g ' t
L e e e e e e R e
t he treat memd tdmirgheetthelsydten, amt bags ¢dncamn. forl adildl or 21KADCo(mg)on fueltonbs of

el ectrol yt E&sﬁﬁﬁ&%&ﬂ&hfcgf)&aﬁiﬂy 0710 1620 2450 3346 Example 2 The
circulating treatment was conducted continuously for three hours in a

The waste water, in which corrosive TOC has thus been decreased, is
subjected to the second step treatment by electrolytic decomposition using metal
electrodes as an anode and diamond electrodes as a cathode only, thereby T'N being
decreased effectively.

As a result, waste water from plans, etc. can be quite easily decomposed by an
electrochemical treatment of organic nitrogen compounds contained therein to form
harmless inorganic compounds such as carbon dioxide, nitrogen gas and water in a

compact system on a practical scale while keeping a system cost low.

Examples
The first treating method
Example 1
Two of laminated polycrystal diamond electrode plates (6 x 5 x 0.05 cm)

synthesized by vapor phase deposition using a boron doping method were used as both
of a cathode and an anode keeping a space of 1 cm between them to constitute an
electrolytic reaction tank.

On the other hand, 1.5 L of waste water (TOC: 710 mg/L) which contains
dimethy] sulfoxide (DMSO) as an organic compound was prepared, followed by addition
of 14,200 mg/L of sodium sulfate thereto, and stored in a storage tank.

Making quantity of electricity to the diamond electrodes was controlled to
yield current density of 1 A/em?2, while the waste water in the storage tank was
introduced to the electrolytic reaction tank by adjusting a pumping rate at 1,500 m/hr
of liquid flow linear velocity, taken out of the electrolytic tank as exit water and
returned to the storage tank for a circulating treatment.

The waste water in the storage tank was agitated by means of a stirrer.

After the circulating treatment was conducted continuously for three hours,
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simlar manner as described in Exanple 1 using 3L of waste water (TOC. 770
ng/ L) which contains tetranethyl ammoni um hydrazi de as an organi ¢ conpound
at the current density of 2 AlcnR2 and the liquid flow linear velocity of
2,600 mhr. The result is shown in Table 3. It was confirnmed th8t DEIC 205
effectively deconposed and renoved simlarly as in Exanple 1. Table 3 TOC
(nmg/L) Time of electrolytic deconposition (hr~ 0770 1215 22 06 DEC 20 242
36 Conparative Exanple 2 The circulating treatnment was conducted

conti nuous'v@étérofroﬁlhffrpgxlbgf”%ﬁe %mcﬁdy&h rpemfonmaﬂwasa&ng&ap rférbﬁ@al' dgfxanpl e 2
except changlng ow | 1hear velocity to mhr. The result is
shown in T&&Rben 4O éﬁﬁnﬁa§mconflrned that a rate of TCC deconp05|t|on and
removal remains &twﬁdo@mﬁré@d MANLO & Us ehredtiveRS@lcMBsbstR b kS rédieved flom dherrond
thin | ayer of f er the treatnent by el ectrolytic deconposition.
Table 4 th??ﬂgﬁﬁwnv} - electrol ytic deconposition (hr) 0770 1550 2467
3388 The second treatlng nmet hod ExanpfgpigiTwo of | am nated pol ycrystal

di anond electrodﬁ.gl ) synt he b Hﬁ vapor phase
deposi tion using - ojoimi ere used a of a cat hode and
an anode keeping a space of 01 cm between themto congtdtute an

el ectrolytic reaction tank. Cn t he ot her hand, 300 f waste water (DVSO
2,300 ng/L; TOG 710 ng/L) mhlch cont ai ns dlnethyl su? oxi de (DVMBO) as an
organi ¢ conpound was preparked, followed by addition @ 4,000 ng/L of

sodi um hydroxi de thereto togadjust the pHvalue to 1% and stored in a

st orage tank.

Comparative Example 1 .

The circulating treatment was conducted continuously for three hours in a
similar manner as described in Example 1 except changing the liquid flow linear
velocity to 100 m/hr. |

The result is shown in Table 2. It was confirmed that a rate of TOC
decomposition and removal remains at about 50 % and further observed marks where a

diamond thin layer comes off after the treatment by electrolytic decomposition.

Table 2
Time of electrolytic decomposition (hr) TOC (mg/L)
0 710
1 | 620
2 450
3 346

Example 2

The circulating treatment was conducted continuously for three hours in a
similar manner as described in Example 1 using 3L of waste water (TOC: 770 mg/L)
which contains tetramethyl ammonium hydrazide as an organic compound at the
current density of 2 A/em? and the liquid flow linear velocity of 2,600 m/hr.

The result is shown in Table 3. It was confirmed that TOC is effectively

decomposed and removed similarly as in Example 1.

Table 3
Time of electrolytic decomposition (hr) TOC (mg/L)
0 770
1 215
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Maki ng quantity of electricity to the dianond el ectrodes was controlled to
yield current density of 0.2 Alcn2 (2,000 A/lcn2) while the waste water in
the storage tank was introduced to the electrolytic reaction tank
adjusting a punping rate at 100 mhr (flow rate 833 nL/m n) of cﬁ.ﬁ%dzmﬁow
| i near velocity, taken out of the electrolytic tank as exit wat er and
returned to the storage tank for a circulating treatnent. The waste water
in the storage tank was agitated by neans of a stirrer. After the
circulating treatnment was cogpducted continuously for fhree hours, water
froman exit of the el ectrol%tic reaction tank was col|ected for total
organic 23 0 6 DEC 2005 carbdn (TOC) analysis. It was €onfirmed that TOC is
effectively deconposed and renoved fromthe result shown in Table 5. Table
5 TOC (ng/ of . electrolytic deconmposition hr) 0710 1170 220 35
Conparativ Oﬁ?ﬁﬁivé%a‘iaﬁge%i rcul ating treatment was conducted continuously
for three hours The alrclslamlg afeatmémarraﬁ&nde&@diicbﬂﬁhddasllﬁxfaﬂpﬂuee Joarcep

ddi ng 6,000 .na/L_of tead of sad i d th t
2 ust ng ORI Reic R BRHSe S gmpleCh) it naiihe e T LB Tl g

confirnmed véiactltyan%@iréhm of TOC deconposition and renoval is mar kedly
decreased. Table i ¢ decaonposi t-i on ). T / 0 710
1 680 2 650 3 Eg‘b];%ﬁt ?{ Sﬁé"%‘rh{éofc‘%{’?ec%r at%frvm"ast"r"é‘ fmedngtﬂir‘/\?as %;% ucqtdec

cont i nuous ﬂ%ompsmm@edmmvsl serpains afjahputshHo %andlérrtleas obesead haksiwhe@npl e 3
except usi BRxRAA thih 19fer WoRESo@t & the HUADXANBy eféglgolgﬂé hecolPiids_Mo/ L) which
contai ns di oxane as an organi c conpound. It Wwas confirmed that TOC is

ef fectively deconposed and renoved frighlehe result shown in Table 7.

Time of electrolytic decomposition (hr) TOC (mg/L)
0 770
1 550
2 467
3 388

The second treating method

Example 3

Two of laminated polycrystal diamond electrode plates (5 x 5 x 0.05 cm)
synthesized by vapor phase deposition using a boron doping method were used as both
of a cathode and an anode keeping a space of 1 em between them to constitute an
electrolytic reaction tank.

On the other hand, 300 mL of waste water (DMSO: 2,300 mg/L; TOC: 710
mg/l) which contains dimethyl sulfoxide (DMSO) as an organic compound was
prepared, followed by addition of 4,000 mg/L of sodium hydroxide thereto to adjust the
pH value to 12, and stored in a storage tank.

Making quantity of electricity to the diamond electrodes was controlled to
yield current density of 0.2 Afem?2 (2,000 A/cm?2) while the waste water in the storage
tank was introduced to the electrolytic reaction tank by adjusting a pumping rate at
100 m/hr (flow rate 833 mL/min) of liquid flow linear velocity, taken out of the
electrolytic tank as exit water and returned to the storage tank for a circulating
treatment.

The waste water in the storage tank was agitated by means of a stirrer.

After the circulating treatment was conducted continuously for three hours,

water from an exit of the electrolytic reaction tank was collected for total organic
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Table 7 TOC (nmg/ L) Time of electrolytic deconposition (hr) 0313 1165 242 36
24 06 DEC Conparative Exanple 4 The circulating treatnent was conducted
continuously for three hours in a simlar nmanner as described in Exanple 4
except adding 6,000 ng/L of sodiumchloride instead of sodi um)igyDE®D3ige

wi t hout adjusting the pH value (pH 6.7). The result is shown in Table 2. It
was confirmed that an effect of TOC deconposition and renoval is markedly
decreased. Table 8 TOC (ng/L) Tine of electrolytic deconmposition (hr) 0313
1285 2270 3460nh BXEMRINGIvRis] WO of snal | er di amond el ectrodes (2 X 2 5 x 0.05
cn) than those eI ectro in Exanple 3 were used as bot ahcat hode
and an anode keefi %@ %9“5{)‘&% “Bﬁt HOC asreleqtivelyrdecorargsed 288 FepPY tféoné

el ectrol yt kgultedekh anTdadk. The cCi rcuI ating treatnent was conducted
continuously for three hours in a %I ar manner as described in Exanple 3
except that the current density is 1 (10,000 A/n2) and the liquid
flow | inear vel ofinigpfiekctlolpfl0dedohpodifib® My at e: 3, 3Q0C (@e/Ii n) . The result
is showmn in Table 9. It was confirned that an effect 85 TOC deconposition
and renoval is better than tqhe result of Exanple 3 aﬁ the electrolytic
reaction tank is capabl e of Ibeing conpact. Table 9 TOO (nglL) Tinme of

el ectrolytic deconposition (hr) 0710 1145 212 920

3 5

Comparative Example 3

The circulating treatment was conducted continuously for three hours in a
similar manner as described in Example 3 except adding 6,000 mg/L of sodium chloride
instead of sodium hydroxide without adjusting the pH value (pH 6.8).

The result is shown in Table 6. It was confirmed that an effect of TOC

decomposition and removal is markedly decreased.

Table 6
Time of electrolytic decomposition (hr) TOC (mg/1.)
0 710
1 680
2 650
3 620

Example 4
The circulating treatment was conducted continuously for three hours in a
similar manner as described in Example 3 except using 600 mL of waste water
(dioxane: 600 mg/L; TOC: 313 mg/L) which contains dioxane as an organic compound.
It was confirmed that TOC is effectively decomposed and removed from the

result shown in Table 7.

Table 7
Time of electrolytic decomposition (hr) TOC (mg/l)
0 313
1 165
2 42
3 6
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3C Exanple 6 The circul ating treatnment was conducted continuously for
three hours in a simlar manner as described in Exanple 4 except that
constitution of an electrolytic reaction tank and current density as well
as liquid flow linear velocity are the sane as those of Exanpl£8DECCHRD 6
DEC 2005 The result is shown in Table 10. It was confirnmed that an effect
of TOC deconposition and renoval is better than the result of Exanple 3
and the electrolytic reaction tank is capable of being conpact. Table 10
Ti me of el ékipakative@®Ex@dapdiposition (hr) TOC (ny-11-) 0313 1143 235 3<1 The
third treating hod ample. 7 Two_of ate o di amond

el ectrode plates (5 TR @gggﬁafnﬁlt BT mnﬁ%ﬁtﬂgg?go X' {? a‘"ﬁ% PR
deposi t i on susilargnanreonedesdopédin Erenipdeld vrrept abkink 660bagh, ofs@dlwncchtondde and
an anode k f t em o te an

el ectrol t?lg&%aqu)é? ?‘%ﬁﬁﬁl dEOXId]Ae V%th(?l:%gﬁq%ﬁn%% p&valﬁ Ao 1gywat er (SS = 720
my/ L; TOC = 1894Thg/rtsu1C@D@1nowr=118 Tanle 2rg/IL)wanmomﬁrmexhttbatn@ offeparaf LOC
suspended ﬁ@éo%%s1@$£n@?&&qgﬁ%ﬂk5& :liémgg&d mg/ 1, of sodiumsulfide as an
el ectrol yte) was ]harged In st orag and purrped to the electrolytic
reaction tank in an agitated condltl ohaldg 8neans of a stirrer at a flow
rate of 500 ml/ mippnd driefdtdivtic Q¥tonlpdSi@on \EH OCI tY 60Tr@jd1$n)g(/jf,pr a circulating
treatment. Making quantity of electricity was conftro to yield current
density of 0.1 Acn2 (1,00P A/nR2). The treatment by>¥lectrolytic
deconposition was continued for 6 hours and collected water at an exit of
the electrolytic reaction t%k for analysis of TQOC, , CODhcr and
turbidity. The result obtained is sown in Fig. 11. 1T"is confirned that
organi ¢ suspended solids carB be effectively renoved 260get her with TOC and
CODcr. Table 11 Tinme of electrolytic SS TOC

Example 5

Two of smaller diamond electrodes (2 x 2.5 x 0.05 cm) than those electrodes
used in Example 3 were used as both of a cathode and an anode keeping a space of 1
cm between them to constitute an electrolytic reaction tank.

The circulating treatment was conducted continuously for three hours in a
similar manner as described in Example 3 except that the current density is 1 A/cm?
(10,000 A/m?) and the liquid flow linear velocity is 1,000 m/hr (flow rate: 3,300
mL/min).

The result is shown in Table 9. It was confirmed that an effect of TOC
decomposition and removal is better than the result of Example 3 and the electrolytic

reaction tank is capable of being compact.

Table 9
Time of electrolytic decomposition (hr) TOC (ng/L)
0 710
1 145
2 12
3 <1

Example 6

The circulating treatment was conducted continuously for three hours in a
similar manner as described in Example 4 except that constitution of an electrolytic
reaction tank and current density as well as liquid flow linear velocity are the same as

those of Example 5.
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CODcr Turbidity deconposition (nmg/L)(ng/L)(nmg/L)(degree) (hr)

07201, 8948, 240705 2< 58292,720 < 1 4< 5218540 < 1 6<51630 <1 Cbnparative
Exanple 5 26 0 6 DEC 2005 A treatnent by electrolytic deconposition was
conduct ed under the same condition of Exanple 7 except that twdSoDEC 2005
platinumplated titaniumplates (5 cmx 5 cm x 0.3 cnm) as el ectrodes

I nstead of electrically conductive dianond plates used in Exanple 7. The
el ectrol ytic deconposition was continued for 6 hours simlarly as in the
case of Exanpl e Thebwtuldépekivn dm TableSH. olit tae ceﬂlmﬁzteldoﬂES anaeffeoc aITPEd and,

in additio ase

anal ysi s ofﬁ?ﬁ%%{t%gmagﬁgg%f%t&% %‘g g%gé%sfl }toq(%?[ rer %ﬂ%&c"@ w&r bidity
deconposi t ireactiondinl seapablq oftheing(degrete) (hr) 07201, 8948, 240705

2881, 6056, 20055 4321, 4455, 02034 6211, ? 4182032 Exarrpl e 8 Two of | ani nated
pol ycrystal di anond eI ectrode pl at es 5cmx 5 cmx 0.05 cnm) synthesized
by vapor phase ddpsepiglestroligiciigcempasition (pl ng net used as both of
a cat hode and an anode keep| §#9 a space of 5 mm betwegy themto constitute
an electrolytic reaction ta?k

143
2 35
3 <1

The third treating method

Example 7

Two of laminated polycrystal diamond electrode platés (5 cm x 5 cm x 0.05 cm)
synthesized by vapor phase deposition using a boron doping method were used as both
of a cathode and an anode keeping a space of 1 cm between them to constitute an
electrolytic reaction tank.

A portion of 500 mL of waste water (SS = 720 mg/L; TOC = 1894 mg/L; CODecr
= 8,240 mg/L) which contains organic suspended solids (SS) and added with 14,000
mg/L of sodium sulfide as an electrolyte) was charged in a storage tank and pumped to
the electrolytic reaction tank in an agitated condition by means of a stirrer at a flow
rate of 500 mL/min (liquid flow linear velocity 60 m/hr) for a circulating treatment.
Making quantity of electricity was controlled to yield current density of 0.1 A/cm?
(1,000 A/m?). The treatment by electrolytic decomposition was continued for 6 hours
and collected water at an exit of the electrolytic reaction tank for analysis of TOC, S8,
CODcr and turbidity. The result obtained is sown in Fig. 11. It is confirmed that
organic suspended solids can be effectively removed together with TOC and CODecr.

Table 11
Time of
electrolytic SS TOC CODer Turbidity
decomposition (mg/L) (mg/L) (mg/L) (degree)
(hr)
0 720 1,894 8,240 705
2 <5 829 2,720 <1
4 <5 218 540 <1
| 6 <5 16 30 <1

Comparative Example 5

26



A portion of 500 nL of waste water (SS =

720 ng/L; TOC = 1894 ny/L; CODcr

= 8,240 ng/L) which contains organi c suspended solids (SS) and added with
14,000 ng/L of sodiumsulfide as an electrolyte) was charged in a storage

tank and punped to
by neans of a stirrer

velocity 720 mihr) for a circulating treatnent.
electricity was controlled to yield current density of 0.1 AlcnR
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turbidity. The result

Two of laminated polycrystal diamond electrode plates (5 em x 5 cm x 0.05 cm)

synthesized by vapor phase deposition using a boron doping method were used as both

of a cathode and an anode keeping a space of 5 mm between them to constitute an

electrolytic reaction tank.
A portion of 500 mL of waste water (SS = 720 mg/L; TOC = 1894 mg/L; CODcr
= 8,240 mg/L) which contains organic suspended solids (SS) and added with 14,000

mg/L of sodium sulfide as an electrolyte) was charged in a storage tank and pumped to

the electrolytic reaction tank in an agitated condition by means of a stirrer at a flow

rate of 3 L/min (liquid flow linear velocity 720 m/hr) for a circulating treatment.

Making quantity of electricity was controlled to yield current density of 0.1 A/cm?

(1,000 A/m?2).

The treatment by electrolytic decomposition was continued for 5 hours and collected

water at an exit of the electrolytic reaction tank for analysis of TOC, SS, CODcr and

turbidity. The result obtained is shown in Fig. 13.

It is confirmed that the treatment

can be completed in a shorter time than that of Example 7 by increasing the liquid flow

linear velocity compared with Example 7.

Table 13
Time of
electrolytic SS TOC CODcr Turbidity
decomposition (mg/L) (mg/L) (mg/L) (degree)
(hr)
0 720 1,894 8,240 705 |
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Table 14 Tinme of electrolytic SS TOC CODcr Turbidity deconposition

(rmg/ L) (mg/ L) (mg/L)(degree) (hr) 01209503, 240650 2253291, 650105 4< 512455024
6< 53296< 1 Conparative Exanple 6 A treatnment by electrolytic deconposition
was conducted under the sane condition of Exanple 9 except tha( g BBC Qs

pl ati num plated titaniumplates of disk type (10 cmin dianmeter x 0.3 cm
as electrodes instead of electrically conductive dianond- plates used in
Exanple 7. The electrolytic deconposition was continued for 6 hours
simlarly{as ih the cgse oksExanplie 9,11ut deposidgsmn of $S on < he
el ectrodeg was2 occurrjed arnd, in additvzm, thdre M&® no efiffect <b decrease
TOC and CQDcr as showd in <anal ysi|s of48@mble 15. Tedtle 15|Tine of 28 ( 6
DEC 2005 gl ectol ytic |SS TOE CODcr Tur bégli ty geconaﬂsitio¢ <1
(mg/ L) (mg/|L) (ng/ L) (dedree)<b6hr) 01209503, 240650 2688952, 200350 < 1
4555862, 020340 6485341, 850320 -

Example 9

Two of laminated polycrystal diamond electrode plates of disk type (10 cm in
diameter x 0.05 cm) synthesized by vapor phase deposition using a boron doping
method were used as both of a cathode and an anode keeping a space of 5 mm between
them to constitute an electrolytic reaction tank.

A portion of 6 L of waste water (SS = 120 mg/L; TOC = 950 mg/L; CODecr =
3,240 mg/L) which contains organic suspended solids (SS) and added with 14,000 mg/L
of sodium sulfide as an electrolyte) was charged in a storage tank and pumped to the
electrolytic reaction tank in an agitated condition by means of a stirrer at a flow rate of
5 L/min (liquid flow linear velocity 600 m/hr) for a circulating treatment. Making
quantity of electricity was controlled to yield current density of 0.5 A/em? (5,000 A/m?2).
The treatment by electrolytic decomposition was continued for 5 hours and collected
water at an exit of the electrolytic reaction tank for analysis of TOC, SS, CODcr and

turbidity. The result obtained is shown in Fig. 14.

Table 14
Time of
electrolytic SS TOC CODer Turbidity
decomposition (mg/L) (mg/L) (mgfL) (degree)
(hr)

0 120 950 3,240 650

2 25 329 1,650 105

4 <5 124 550 24

6 <5 32 96 <1

Comparative Example 6

A treatment by electrolytic decomposition was conducted under the same
condition of Example 9 except that two of platinum plated titanium plates of disk type
(10 cm in diameter x 0.3 cm) as electrodes instead of electrically conductive diamond
plates used in Example 7. The electrolytic decomposition was continued for 6 hours
similarly as in the case of Example 9, but deposition of SS on the electrodes was
occurred and, in addition, there was no effect to decrease TOC and CODecr as shown in
analysis of Table 15.

Table 15

(Time 0ﬂ7 J j J J
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keeping a space of 1 cm

bet ween t B 19 coBstinte I dectrrlytiq reaetionityrk-c reaction tank for conducting
the first step tAgattimNdf OY. Elveste whipt (SS 29120 Ag/DEC0200950 mg/L; CODer =

3,240 mg/L) which contains organic suspended solids (SS) and added with 14,000 mg/L

of sodium sulfide as an electrolyte) was charged in a storage tank and pumped to the

electrolytic reaction tank in an agitated condition by means of a stirrer at a flow rate of
10 L/min (liquid flow linear velocity 1,200 m/hr) for a circulating treatment. Making
quantity of electricity was controlled to yield current density of 0.5 A/em? (5,000 A/m?).

The treatment by electrolytic decomposition was continued for 5 hours and collected

water at an exit of the electrolytic reaction tank for analysis of TOC, SS, CODcr and

turbidity. The result obtained is sHown in Fig. 16.

It is clear that an effect of

treatment by electrolytic decomposition is improved compared with that of Example 9

by increasing the liquid flow linear velocity.

_ Table 16
Time of
electrolytic SS TOC CODecr Turbidity
decomposition (mg/L) (mg/L) (mg/L) (degree)
(hr)
0 120 950 3,240 650
[ 2 <5 270 1,350 <1
| 4 <5 88 320 <1
| 6 <5 8 25 <1

The fourth treating method

Example 11

Two of laminated polycrystal diamond electrode plates (5 x 5 x 0.05 cm)

synthesized by vapor phase deposition using a boron doping method were used as both

of a cathode and an anode keeping a space of 1 cm between them to constitute an

electrolytic reaction tank for conducting the first step treatment by electrolytic
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deconposition. On the other hand, 300 m, of waste water (TOC. 770 ng/L
and T-N. 230 ng/L) which contains tetranethyl anmmoni um hydroxi de as an
organi ¢ nitrogen conpound was prepared, followed by addition of 14,200
ng/ L of sodiumsulfate thereto, and stored in a storage tank. Mg BgC 2005
gquantity of electricity to the dianond el ectrodes was controlled to vyield
current density of 0.2 Alcn2 (2,000 A/cnR) while the waste water in the
storage tank was introduced to the electrolytic reaction tank by adjusting
a punpi ng ret@nptkitiod00 M hr of liquid flow linear velocity with agitation
of the water in the. starage n y . means of tirrer i.le overfhowed
wat er fromthe eIOé‘ctth(S’ﬁW?’En‘;’g’géf‘}l}oﬁ“{aﬂﬁ(‘“’ME(ﬁpé‘tupﬁ‘&@‘?m'l'ﬁgz 1BAde t ank
for a ci rcluﬂﬁe;}i Etgltiiheaéﬂgﬁﬁéﬂlyﬁﬁmﬁfonidif hotifdxideadd By o]t:gfaaa:t ﬁ&:agem\asxllmpdiuct ed
cont i nuous or t oyrs, ..wate m Xit o e electr ti
reaction ta‘{yrﬂ? 2 r%‘%?cﬁlé’gf‘ihy ?‘6‘1’1}!}@9‘13{ %%Oﬁdngg‘togﬁmﬁw& gﬁ“&%&ﬁ@n“%%? and

total organmastorggeagek (T-N). It was confirmed that TOC is effectively

deconposed and r ed f t he esul ho in.Table.17. Tabl i me of
el ectrolytic dec%frfgg%%% g‘ll%n(r%m{' ho? )ele‘f&flt(y rr%c’[ E’)e wﬁfﬁ%/eﬁ%&rﬁc}%’dﬁ%%%&lgégﬁo165
36140 Then yieldeursentedeasitnohol2 éVeot @008 Adem? hveliileothe etk watet fre the stgtaget ep

I frol vt h i . } | in d
el ect 1ol V1 bk HEAGHKELARKIIORCHSH: 30yofblieds Afdufe Bt ated |

titani um el ectrode plate type

as titani ufPpméim afligid) fowt lingge yelopity wisle ggitationsf thhwater irothe Ghpsegertanle ban

el ectrol yt infeah®d€ bi QRrérdWhilk YvelRGed SFABH FRLERPhd ERALNPIE rdi¥tio Al wabytic
deconposi ti on. this electrolytic.reaction tank, the waste water

i ng
whi ch has Bﬁéweﬁﬂﬁ?%ﬁ%F ?"ﬁ‘rf%"aﬂ‘ grruatingfgedtedt el ectrol ytic deconposition
for three hoursAfes tlsudif@tdtig thetinbet $as easihwtalpeohtiaadiBnior byreelbeats; ol yti c
deconpositig in_the |1 owng.. The circu] ati ng,treatnent
conti nuousW?gégt?]Od?Jgfl eedﬂr}f %f];t?‘ r?ge\ékfiﬁpc iTRAcon FARE NS %g%cﬁeed?%oésa n?lﬁ\tza,\{% it ep
treat ment bigasiceatbool(JOCantbotrpresinic wirognc@P).t hat 6, 000 ng/ L of sodi um
chloride was addgd,dOcdRemd@ iR MHE 6L efféc%i@tal?ddeleéfmﬁéh@d fahfi $tmS¥e@Pirom the
el ectrolytic deconposition and the nmaking quantity of electricity to both
of a cat hotrsWtgherai Tadeld’-i s controlled to yield current density of 0.2
Alcnm2 (2,000 AlenR). The water was cqgihhratzed froma exit of the

el ectrolytic reagtio Lo 30 .0 l” |2g0§ @El &@I S o&‘_l\]th%t&l) organic

L_.!.

nitrogen (T-N). -H

0 770 230
1 230 190
2 50 165
3 6 140

Then, the same diamond electrode as that of used in the first step electrolytic
reaction tank was used as a cathode and a platinum-plated titanium electrode of plate
type (5 x 5 x 0.3 cm) (hereinafter referred to as titanium-platinum electrode) was used
as an anode to constitute an electrolytic reaction tank for the second step treatment by
electrolytic decomposition. Using this electrolytic reaction tank, the waste water
which has been continuously treated by the first electrolytic decomposition for three
hours was subjected to the second step treatment by electrolytic decomposition as in
the following.

The circulating treatment was continuously conducted for one hour in a
similar manner as the first step treatment by electrolytic decomposition except that
6,000 mg/L of sodium chloride was added to the waste water treated by the first step
electrolytic decomposition and the making quantity of electricity to both of a cathode
and an anode is controlled to yield current density of 0.2 A/cm? (2,000 A/cm?).

The water was collected from a exit of the electrolytic reaction tank for
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confirmed that T-N, which was not deconposed and renoved sufficiently by
the first step treatnent by electrolytic deconposition, can be deconposed
and renmoved effectively. Table 18 Tinme of electrolytic deconposition (hr)
TNm/L) 0 140 1 6 Conparative Exanple 7 The circul ating trddt MRt 200as
conducted in a simlar manner as Exanple 11 except that only the first
step treatnent by electrolytic deconposition was continuously conducted
for 4 /hours. The result is shown in Table 19. TOC was deconposed and

rT elr)r})veclll9 _Sr!aﬁﬁhiyﬁyoy tét8l Eiglalrxs{;ﬂ ﬁitgl&gen )t {TﬁleTréshrt)ei%‘iéadvn fiﬁ}’%bl/éa%.abilowhs 40 %
abl e i e, of elec .i.c decoppositio r me/L)T-

0770230 125%%5ged ég"i%%ﬁ“g high yyas Pfgge%mgé‘(ﬂrilzfe?w&%??féﬁ‘é‘lﬁ’ H‘%% é’gif ment
was cont i nuaps kgateoent bt ededtfilytidi rde@nkpokition, Ba@ beS iddtdn@fosetarundr reusovbdie
first stepﬁtfécga(tﬂrrent by el ectrolytic deconposition of Exanple 11 except
usi ng 300 F°Wast e wat er (TOC. 526 ng/L and '"I'N: 246 ng/L) which

cont ai ns di net hyi m dazol i di none as arTableggei ¢ conpound. The result is shown
in Table 20. It fl at_ T isyef fect i ve deconposed and
removed siml arlmeo(%% ch fgd%(g)m gettion (B nt i&bg—(%ﬁ)%rcytrol ytic

deconposi tion of Exanple 11.0Table 20 TOC (ng/L)IAON(ng/L) Ti me of

el ectrolytic deconposition (yir) 0526246 1317185 260165 31 V 6 DEC 3 6 135

Comparative Example 7

The circulating treatment was conducted in a similar manner as Example 11
except that only the first step treatment by electrolytic decomposition was continuously
conducted for 4 /hours.

The result is shown in Table 19. TOC was decomposed and removed

similarly as Example 11, but the T-N removal rate was about 40 %.

Table 19 :
Time of electrolytic decomposition (hr TOC (mg/L) T-N(mg/L)
0 770 230
1 234 196
2 52 160
3 8 136
4 <1 125

Example 12

The circulating treatment was continuously conducted for three hours in a
similar manner as the first step treatment by electrolytic decomposition of Example 11
except using 300 mL of waste water (TOC: 526 mg/L and T-N: 246 mg/l) which
contains dimethyimidazolidinone as an organic compound.

The result is shown in Table 20. It was confirmed that TOC is effectively
decomposed and removed similarly as the first step treatment by electrolytic

decomposition of Example 11.

Table 20
Time of electrolytic decomposition (hr) TOC (mg/.) T-N(mg/L)
0 526 246
1 317 185

2 60 165
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Then, the waste water was subjected to the second step treatnent by

el ectrolytic deconposition in a simlar manner as that of Exanple 11 and
collected the water at an exit of the electrolytic reaction tank for

anal ysis of total organic nitrogen (T-N). The result is shown I8 Bel1200821 .
It was confirned that T-N, which was not deconposed and renoved
sufficiently by the first step treatnent by electrolytic deconposition,
can be deconposed and renoved effectively. Table 21 Time of electrolytic
deconposition (hr) T-Nm /L) 30 135 1 6 Corrparat ieve Exanpl @38 The
circulating trea nt ,.wa ndu ted in manner

except that onl ytﬁqﬁé f}llergvtg%te tr&a mn{ec%m ‘fonfllgg%eg%%(%lgi tfon was
cont i nuouslejectrelytid dedogupositipn 4n h(sunﬂar 1drener @s tulhatt O|f Exsm;lﬁnlll amd Falceedthe TOC

was deco I | t al
ot e vesantt A0 LSRR oSG R SHPIP. ke Rkl MR S
(mg/ L) T-N(EPL) 0526246 1308196 252160 35136 4< 1115 Exanple 13 Two of

I 'ami nat ed pol ycr ygt abeydhi @rgﬁwn%qgm@%e R'@&se&nﬁme&matnml AHRL&FasXot 0. 05

cm) synthesized by vapor phase deposition using a boron doping method were
used as bdewmprsed and smevethdutiseatiydey Kbe diry steps preakmyrt by @?‘ﬁcﬁé]@’ﬂéen
themto COH@éo'rﬁﬁéélﬁon&:ﬁn%QQédiﬁJok‘édzﬁldrx%%tzéd)é’ffet:ﬁ% for conducting the first
step treatnent by electrolytic decor‘;P% ition. the other hand, 4 L of
waste water (TOC: 1,000 ng/L and T-N a ]TTg/ L) Whl ch contains tetranethyl
anmoni um hydr oxi ’(ﬂﬁnea&ewatreryggaﬂb@myoblhege}mconMg_/mvas prepared, followed
by addition of 14,200 nglL of sodiumsulfate tkil%reto and stored 2 M 32 9g
DEC 265 in a storage tank. king quantity of el"éctricity to the dianond
el ectrodes was controlled tol

Comparative Example 8

The circulating treatment was conducted in a similar manner as Example 12
except that only the first step treatment by electrolytic decomposition was continuously
conducted for 4 hours.

The result is shown in Table 22. TOC was decomposed and removed

similarly as Example 12, but the T-N removal rate was about 40 %.

Table 22
Time of electrolytic decomposition (hr) TOC (mng/L.) T-N(mng/L)
0 526 246
1 308 196
2 52 160
3 5 136
4 <1 115

Example 13

Two of laminated polycrystal diamond electrode plates (10 cm in diameter x
0.05 cm) synthesized by vapor phase deposition using a boron doping method were used
as both of a cathode and an anode keeping a space of 1 cm between them to constitute
an electrolytic reaction tank for conducting the first step treatment by electrolytic
decomposition.

On the other hand, 4 L of waste water (TOC: 1,000 mg/L and T-N: 290 mg/L)
which contains tetramethyl ammonium hydroxide as an organic nitrogen compound

was prepared, followed by addition of 14,200 mg/L of sodium sulfate thereto, and stored
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yield current density of 0.5 Alcn2 (5,000 A/cn2) while the waste water in
the storage tank was introduced to the electrolytic reaction tank by
adjusting a punping rate at 2,000 mhr of liquid flow linear velocity with
agitation of the water in the storage tank by neans of a stirr @ a8ht 2005
conducted a circulating treatnment. After the circulating treatnent was
conducted continuously for 6 hours, water froman exit of the electrolytic
reaction tank was collected for analyzing total organic carbon (TOO and
total orgarjgspiideadn (T-N). It was confirmed that TOG is effectively
deconposed and renpved fromthe result shown in Table 23. Table 23 Tinme of
el ectrol ytic decHi#see ayaatity vf elesinritynig the diamend)eleptrodesonen erntihled 553

2284224 313410 RRsifbI s ek (51006 AFah® wHiRRE & a8lceRhtep de tiasstbagd  of
reacti on nk _was used as a rfat ode

used in the first. st | ectrolytic . t \
and a pl at PHUGEET HEBA oy i HoLP B e GaePCoP THha b SINgHRE b FOTRR HithPanet er
x 0. 05 cn 2was nubes 1rgidaflovalinge velcltPRSth dgifaCioRbf hle @EAtEInYthe Gtordgeaail on

tank for the second step treatnent by el ectrol yti.c decoposition., Further,
Ual'ng ¢ hi s PEIBEOR O G I T OEaR . S oA R e Gastty R ol St

cont i nuoustkreatniendatved chayducted tomtituoasle cfor 06 yhioues, destenpibent awrexwast shbj ect ed
to the sec Lea t by.eleectrolytic d 11 i

fol | ow ng. 8{11.%5& t?‘?f:eﬁkté% Erla%p?%sa Orlrlg(r:ltte &v&@rsa%a%ztl?%ﬁog%rs?% gg’l&%ﬁ uggggb@o%&gne
hour in a todilrirgamic nitmeeerr (TRY). t Fewds confirmed phat (TEKT ivefiectbplyedecompasbd aid
deconposi t | Y veX &ERLthE Ralut sBo @R TRHiL 98f sodium chloride was added to the
waste water treated by the first step electrolytic deconposition and the
meki ng quantity of electricity is cofdePlslq3%d to yield current density of
0.5 Alcn? (5, 000TiNeGBletrdlitfe dekbRbodiasH GR) | ectrod Ee@h an BXGng@) the
electrolytic reaction tank for analysis of to%[ organi c %%rogen (T-N).
The resuit is shown in Tabl & 24. It was confit that T-N'~which was not
deconposed and renoved suffilciently by the first7/s5 step tredédent by

el ectrol yti c deconposition, ,can be deconposed %@g renmoved 2§%f ectively.
Table 24 33 C 6 DEC 2po5 Time of electrolytic deConpositi or1193hr) "T-N (ng/ |

0 131 1 52 3 134
4 39 162
5 5 131

Then, the same diamond electrode as that of used in the first step electrolytic
reaction tank was used as a cathode and a platinum-plated titanium electrode of plate
type (10 cm in diameter x 0.05 cm) was used as an anode to constitute an electrolytic
reaction tank for the second step treatment by electrolytic decomposition. Further,
using this electrolytic reaction tank, the waste water which has been continuously
treated by the first electrolytic decomposition was subjected to the second step
treatment by electrolytic decomposition as in the following.

The circulating treatment was continuously conducted for one hour in a
similar manner as the first step treatment by electrolytic decomposition except that
6,000 mg/L of sodium chloride was added to the waste water treated by the first step
electrolytic decomposition and the making quantity of electricity is controlled to yield
current density of 0.5 A/em2 (5,000 A/cm?2).

The water was collected from an exit of the electrolytic reaction tank for
analysis of total organic nitrogen (T-N). The result is shown in Table 24. It was
confirmed that TN, which was not decomposed and removed sufficiently by the first
step treatment by electrolytic decomposition, can be decomposed and removed
effectively.

Table 24
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2 4 Industrial Applicability According to the first and second nethods for
treating organi c conpounds-containing waste water, organic conpounds in
waste water fromplants, etc. can be easily deconposed to harm ess

i nor gani ¢ conpounds such as carbon dioxide and water without fd&?8iDR§ 2005
har nf ul and bad-snel |l i ng byproducts. The waste water from plants, etc. can
al so be treated by electrolytic deconposition economcally on a practical
scal e using dianond el ectrodes of satisfactory current efficiency, thereby
a systemto be gsgdohaiaRlVRIRGRIRBHN (hWhi | endurahi! ity of the di anond
el ectrodes bei ng extended because of chemcal stability thereof. Further,
according to the third nethod for treating organi conpounds- cont ai ni ng
waste water and a system usetl thereby, it is posskble to put down a
treating cost of organic susgended solids and, at the sane tinme, to control
a great decrease in energy efficiency and a consfderabl e reduction of
systemdurability caused by electrolytic deconposition treatnent of waste
wat er whi c . &l NS ;. nic suspended solids. Mdrre precisely, soluble
organic suggﬁgﬂéggﬂg#%{oﬁganic suspended solids contained in waste water
can be concurrenfksrdiegortposke fingt ranbvedond methede firot tabatoregaenganicar bon
(190 and chamual-Anyaah HRIPRGitOnit o (iR CadtPl Elor Bom ABnQdplal | ve
deconposition treatnent of themtogether wthout renoving sugh_spllds in
advance. Fg#t brepatdy decompesnddio hgrmisss inergami compeardfotich a9 carperdionige 8hgani c
conpounds- GAMralithd@ fHaThE hiBhRI and®bE@Bnellk Iy PRRNE OMMRUME e Gatdratded in
waste water fromplants, etc e easily deconposed tq harm ess

) cag b A
i norganic & Gifaen algpchs taratedbhRipctenlyig drsompre i drspnpaic e e wast e
wat er fronmsqlandisg diainend eRetrales of sdiBfictRatedeftyeffici@lcgahéreby hisgstem to be
deconposition treatnent econom.call n a.practical scal N _whi ste
at or "ani chERIeb HARE borh Rl RE ity B B hinS T oBERNEs bl st
el ect r ochehbdcansd of cheremaledalblityttherebf.r st step el ectrol yti c deconposition
treatment using pgipAONd & 0L Ofes tgé Ot a%‘tl‘&% chgm ealigf abikidy and
satisfactory current efficienCy as both of a cathode and an anode and then
el ect r ochefARPANPYS SEHRiRg WAPe Materersha systeapudddereby.yit ile Paedtiiodit i on
treatme Bt dswng Jiﬂ&l@in@lc@éfﬂffd;rﬁrﬁ&mﬁﬁsf@dﬁdéagéoﬁd@%n&, at%}e Qﬁﬂl@,tiﬂl%_@lb_&bﬂtrblpzﬁ
system bein e conpact as_a.whol e and chee ile durabilit )
el ectr odesggﬁﬁnﬁﬁcr%??gﬁﬁﬁﬂgy SHicpngy pega CW’QFI %k gﬁ&ftf?é‘ao i gtefﬂ ‘l’l‘ﬂ)éh'ﬁ’tt’hod for
el ect r ochesuusal by eldetraxiid yéchmpadigantreaimosnp o wdste aatémwhied comawasirganiat er
usi ng dia el ectrodeg, at | eas n anode, .in which curr fty is
075 To  10raresE EhRS P huchl, pl<RRRh, Hudl BARGC Lt B GHARENygfaRR LY |
A met hod festidetadairetiverdstaivhier dan bxcdngingntdy degoinposed Apd werdeved daredivaed i n
wast e total organic carbon (TOC) and chemical oxygen demand (COD) in the waste water by

an oxidative decomposition treatment of them together without removing such solids in
advance. .

Furthermore, according to the fourth method for treating organic
compounds-containing waste water, organic nitrogen compounds contained in waste
water from plants, etc. can be easily decomposed to harmless inorganic compounds
such as carbon dioxide, nitrogen gas and water. Waste water from plants, etc. can also
be treated by a electrolytic decomposition treatment economically on a practical scale
in which waste water which contains a large amount of organic nitrogen compounds is
electrochemically treated by the first step electrolytic decomposition treatment using
diamond electrodes of outstanding chemical stability and satisfactory current efficiency
as both of a cathode and an anode and then electrochemically treated by the second
step electrolytic decomposition treatment using the diamond electrode only as a
cathode, thereby the system being made compact as a whole and cheep, while

durability of electrodes being extended.
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water, in which dianond el ectrodes are used at |east as an anode, while pH
of the waste water is adjusted to be alkaline. 3. A nethod for

el ectrochenical l'y detoxifying organic suspended solids contalnedﬂ h g@ﬁ%e
wat er as organi ¢ conpounds, in which dianond el ectrodes are used 5t Df

as an anode to treat the organic suspended solids by electrolytic
deconposition. 4. A nethod clainmed in claiml, 2 or 3 in which dianond

el ectrodes are used as both of an anode and a cat hode to undergo change of
el ectrodes. 5. A nethod for electrochem cally detoxifying organic nitrogen
conpounds contained in waste water as organi c conpounds, in which a first
step treatnent by electrolytic deconposition is conducted using di anond

el ectr odes Whatan clafieslieisand a cat hode, and then a second step treatnent by
el ectrolytic deconposition is conducted using the dianond el ectrodes as a
cat hode and netal electrodes as an anode. 6. A nethod clainmed in claim5 in
whi ch sul f dt eAimethod fe emddedlemcacbhygﬁmmfylmmadﬁnlﬁmnﬂabdﬂmge&vasvvestwat er
when a first ste eat t trolytic S|t|on | 35 0
6 o 2005 A g HEROET Beciief REERCIAA Sroof SR NN SRRak ReFAdEBE 7o
added t o wdStAécmitndrliqual flasw hlal?afl‘IVB]stlt)SIS@pOtw £3000emthrt her eof by el ectrolytic
deconposi tiy OnA\’m&Hmﬂfog%fegﬂgch%gﬁ llytJe?&glﬂE@tofrE&/qmelroﬁlgpto{lﬁby Ednq?lﬁQJW%hétbon I's

conducted. 8 claimed 1n an treating

wast e wat efvagy inwhichr Gpgpond e&e@@hasoagp tused atid¢ast) agiaammnede.evhide pPHoddthe j n

whi ch Curreﬁ@mdﬁﬁﬁigﬁdﬂﬁuﬁhgbe§m@ﬁﬁ&e of dianond el ectrodes is 0.001 to 10
Alcn2 and I| ui d i near vel ocj s 10 to 10,0 uri t he
treatment By Iné‘ﬁb?‘{)?‘?teb %be 4 YIng Orﬁa%ﬁhﬁdng‘?dﬁr’%@ﬁ c?"ﬂ 91q16ne of
clainms 2 t eaStefvited 4safdnigeongmind i ehlchwlar@&xﬂcdlécﬁio&és dre de@barjesit bs em usi ng
di anond el ect n whieh curren Si o} Sur. e of dianond

el ectrodes ﬁ%kggge?thfdm%?u%%wp%ﬁ% FdlS% %¥8oﬂflng§Fm3%P§§|ty is 200 to
10, 000 n he- <@mﬁnhgidmawdneabnedt2by3ehedudoﬂynmuddéd@mb@sweM&NEWﬂ@ﬂlA

et hod T or o6andioak hidd okindhl @ JihololchARAIorURLAGILY of the treatment by

el ectrolytlc deconposition_in_a clarnmed any one of said claims 1 to

9 so as to9sahmethod fe eleﬁfé?qhéwqagy fetoriiyiag preamisy pifiogem compayafis cqnteiRet i near
velocity (1H Rhdte v?ateﬁ&g)oﬁgal(u@ léBI'h mnddeﬂlsbvhiéh A BY¥sER¥Rp treatBied) by eBeQﬁ'olSzﬂlc A

met hod for contrql.ling ui o ar velocity of the tre

el ectrol yt il%”méi%%ﬁ%lfs‘iof‘?%ﬁ 4d peing %ﬁlm&g elqettofiesp syt ade 0 A& Br@r 3{1 1to

10 so as tthenad issdoyid tdbe tie@trhcaini bygelbetmwlca daconﬁaemﬁuﬂl ds 2onducepdi dsihg ahe | i near

velocity ( urren e S 0.5) + 200 12. A
gr{a D 8%&1 lﬁctrb({%s s a cgt% ée nlag a 8fﬁf%?dﬁ %al’\}\&)l(% e

system for g org wat er which
conpri ses 6. A method clalmed in cla1m 5 in which sulfate ions are added to organic

compounds-containing waste water when a first step treatment by electrolytic

composition is conducted.
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di anond el ectrodes to conduct a treatnent by electrolytic deconposition of
organi ¢ suspended solids contained in waste water as organi c conpounds.

13. A systemfor treating organi c conpounds-containing waste water E %gged
inclaim 12 in which a treatnent by electrolytic deconpositionﬂd%P é Ll

di anond el ectrodes is conducted at current density of 0.001 to 10 A/lcn®
and liquid flow linear velocity of 10 to 10,000 mihr. 14. A systemfor
treati ng organi c conpounds-containing waste water clained in claim 12 or
13 in which change of el ectrodes are conducted using dianond el ectrodes for

both of a Cft Ronqgthgg glala'rlgleda 1rr]10c a?iin g gr 6 in which chloride ions are added to waste water
after a first step treatment thereof by electrolytic decomposition when a second step
treatment by electrolytic composition is conducted.
8. A method claimed in any one of claims 2 to 7 for treating waste water by
electrolytic decomposition using diamond electrodes, in which current density on the
surface of diamond electrodes is 0.001 to 10 A/cm? and liquid flow linear velocity is 10
to 10,000 m/hr during the treatment by electrolytic decomposition.
9. A method claimed in any one of claims 2 to 8 for treating waste water by
electrolytic decomposition using diamond electrodes, in which current density on the
surface of diamond electrodes is 0.5 to 10 A/cm? and liquid flow linear velocity is 200 to
10,000 m/hr during the treatment by electrolytic decomposition.
10. A method for controlling liquid flow linear velocity of the treatment by electrolytic
decomposition in a method claimed any one of said claims 1 to 9 so as to satisfy the
following formula 1:

Formula 1: liquid flow linear velocity (m/hr) > 400 x (current density
(Alem?) - 0.5) + 200
11. A method for controlling liquid flow linear velocity of the treatment by electrolytic
decomposition in a method claimed any one of said claims 1 to 10 so as to satisfy the
following formula 2:
Formula 2: liquid flow linear velocity (m/hr) > 1,000 x (current density
(A/cm?) - 0.5) + 200
12. Asystem for treating organic compounds-containing waste water which comprises
diamond electrodes to conduct a treatment by electrolytic decomposition of organic
suspended solids contained in waste water as organic compounds.
13. A system for treating organic compounds-containing waste water claimed in claim
12 in which a treatment by electrolytic decomposition using diamond electrodes is
conducted at current density of 0.001 to 10 A/cm? and liquid flow linear velocity of 10 to
10,000 m/hr.
14. A system for treating organic compounds-containing waste water claimed in claim
12 or 13 in which change of electrodes are conducted using diamond electrodes for

both of a cathode and an anode.
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